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ABSTRACT
AN APPROACH TO PORT CLASSIFICATIONS A CASE STUDX
OF GREAT LAKES PORTS 
t y
. C h r i s t o p h e r  M a r i a n  M a d e j
I n  t h e  f i e l d  o f  p o r t  g e o g r a p h y  t h e r e  h a s  b e e n  l i t t l e  
a g r e e m e n t  o n  t h e  a p p r o p r i a t e  p r o c e d u r e s  a n d  c r i t e r i a  t o  b e  
u s e d  i n  t h e  c l a s s i f i c a t i o n  o f  p o r t s .  T h e  p u r p o s e  o f  t h i s  
s t u d y  w a s  t o  e v a l u a t e  m e a s u r e m e n t  c r i t e r i a  a n d  p r o c e d u r e s  
u s e d  i n  p r e v i o u s  p o r t  c l a s s i f i c a t i o n s .  G r e a t  L a k e s  p o r t s  
s e r v e d  a s  a  t e s t  c a s e ,  a n d  R o e m e r * s  {1971)  c l a s s i f i c a t i o n  o f  
t h e s e  w a s  t h e  s t a r t i n g  p o i n t -  The  s t u d y  o b j e c t i v e s  w e r e  
a c c o m p l i s h e d  by 1 ) i d e n t i f y i n g  t h e  r e l e v a n t  c r i t e r i a ,  2 ) t w o  
i n d e p e n d e n t  t r i a l s  o f  a p r o c e d u r e  new t c  p o r t  
c l a s s i f i c a t i o n ,  d i s c r i m i n a n t  a n a l y s i s ,  3)  a n  e v a l u a t i o n  o f  
t h e  a d e q u a c y  o f  c r i t e r i a  c u r r e n t l y  u s e d  i n  p o r t  
c l a s s i f i c a t i o n ,  a n d  t h e  s t a t u s  o f  R o e m e r * s  c l a s s i f i c a t i o n  o f  
G r e a t  L a k e s  p o r t s .
Once  g r o u p  m e m b e r s h i p  a n d  r e l e v a n t  v a r i a b l e s  w e r e  
e s t a b l i s h e d ,  p o r t s  i n  e a c h  s t u d y  y e a r ,  1 9 6 6  a n d  1 9 8 h ,  w e r e  
r a n d o m l y  d i v i d e d  i n t o  d e v e l o p m e n t  a n d  c r o s s v a l i d a t i o n  
s a m p l e s .  D i s c r i m i n a n t  a n a l y s i s  was  f i r s t  c o n d u c t e d  on  t h e
-  i  v -
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d e v e l o p m e n t  s a m p l e s  w h e r e  g r o u p  m e m b e r s h i p  was b a s e d  on  
B o e m e r ’ s  g r o u p i n g  p r o c e d u r e s .  T h e  r e s u l t s  s h e w e d  a 
s i g n i f i c a n t  p r o p o r t i o n  o f  c a s e s  w e r e  m i s c l a s s i f i e d  on  t h e  
v a r i a b l e s  i d e n t i f i e d  a s  g o o d  b e t w e e n - g r o u p  d i s c r i m i n a t o r s .
U s i n g  t h e  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  on  t h e  
s i g n i f i c a n t  v a r i a b l e s ,  g r o u p  m e m b e r s h i p  f o r  t h e
c r o s s v a l i d a t i o n  g r o u p s  w a s  d e t e r m i n e d .  D i s c r i m i n a n t  a n a l y s i s  
w a s  t h e n  c o n d u c t e d  o n  t h e  c r o s s v a l i d a t i o n  g r o u p s  u s i n g  o n l y  
t h e  s i g n i f i c a n t  v a r i a b l e s  s o  a s  t o  i d e n t i f y  t h o s e  v a l u e s  o f  
t h e  c o e f f i c i e n t s  w h i c h  w o u l d  a c h i e v e  t h e  g r e a t e s t  s u c c e s s  i n  
a s s i g n i n g  p o r t s  t o  c o r r e c t  c l a s s e s .  T h e  r e s u l t s  o f  t h e  
a n a l y s e s  s h o w e d  a  c o n s i d e r a b l e  i m p r o v e m e n t  i n  t h e  p r o p o r t i o n  
o f  p o r t s  c o r r e c t l y  g r o u p e d  by t h e  new c o e f f i c i e n t s .  The  f i v e  
v a r i a b l e s  w h i c h  e m e r g e d  a s  g o o d  d i s c r i m i n a t o r s  f c r  b o t h  
y e a r s  w e r e  e s s e n t i a l l y  t h e  s a m e .  A l l ,  w i t h  t h e  e x c e p t i o n  o f  
o n e ,  h a d  t e e n  i d e n t i f i e d  i n  e a r l i e r  s t u d i e s  a s  g o o d  m e a s u r e s
o f  p o r t  s t a t u s ,  s u g g e s t i n g  t h a t  g o o d  v a r i a b l e s  h a v e  b e e n  i n
)
e x i s t e n c e  a l l  a l o n g  b u t  t h a t  t h e i r  s u c c e s s  h a d  b e e n  l i m i t e d  
b y  t h e  u s e  o f  i n a d e q u a t e  g r o u p i n g  p r o c e d u r e s .  T h i s  s t u d y  
s h o w e d  t h a t  d i s c r i m i n a n t  a n a l y s i s  w i t h  c r o s s v a l i d a t i c n  c o u l d  
b e  a  s o u n d  p r o c e d u r e  f o r  d e v e l o p i n g  c l a s s i f i c a t i o n s  o f  
p o r t s -
-  v -
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C h a p t e r  I  
STUDY BACKGROUND
C l a s s i f i c a t i o n  may b e  v i e w e d  a s  a  p r o c e d u r e  u s e d  t o  
i m p o s e  o r d e r  a n d  c o h e r e n c e  u p o n  t h e  f l o w  o f  i n f o r m a t i o n  
r e c e i v e d  f r o m  t h e  w o r l d  a r o u n d  u s -  I n  t h e  f i e l d  o f  p o r t  
g e o g r a p h y ,  t h e r e  h a v e  b e e n  many  s t u d i e s  o f  i n d i v i d u a l  p o r t s  
( M a y e r  1 9 5 7 ,  K i h e l i c  1 9 6 9 ,  F o r w a r d  19 8 4 ) ,  a n d  n u m e r o u s  
s t u d i e s  o f  p o r t  s y s t e m s  i n  v a r i o u s  c o u n t r i e s ,  ( B i r d  1 9 6 3 ,  
R i mm e r  1 9 6 7 ,  S t a n l e y  1 9 8 4 ) .  A t t e m p t s  t o  c l a s s i f y  t h e  p o r t s  
o f  a  c o u n t r y  o r  r e g i o n  a p p e a r  t o  b e  f e w .  A t t e m p t s  t o  
c l a s s i f y  t h e  p o r t s  o f  t h e  G r e a t  L a k e s  a p p e a r  t o  be  f e w e r  
s t i l l .
G o v e r n m e n t s ,  p o r t  a u t h o r i t i e s ,  a n d  o t h e r s  w i t h  i n t e r e s t s  
i n  t h e  s h i p p i n g  i n d u s t r y  a r e  c o n c e r n e d  w i t h  p o r t  d e v e l o p m e n t  
a n d  i m p r o v e m e n t .  P o r t s  m u s t  a d o p t  s t r a t e g i e s ,  i f  p l a n n i n g  
i s  t o  b e  a m e a n s  o f  b r i n g i n g  r a t i o n a l i t y  t o  d e c i s i o n  m a k i n g  
f o r  d e v e l o p m e n t  a n d  i m p r o v e m e n t .  T h r o u g h  t h e  p u r s u i t  o f  
g o a l s  i n  p l a n n i n g ,  p o r t  l a n d s  c a n  b e  u t i l i z e d  i n  a n  o r d e r l y  
a n d  a d v a n t a g e o u s  w a y ,  w i t h  b e n e f i t s  s p r e a d i n g  t o  s u r r o u n d i n g  
a r e a s .
By i m p o s i n g  o r d e r  a n d  c o h e r e n c e  on  how we u n d e r s t a n d  
p o r t s ,  we l a y  t h e  f o u n d a t i o n  f o r  p l a n n i n g .  We g a i n  a n  
u n d e r s t a n d i n g  o f  t h e i r  b a s i c  s t r u c t u r e s  a n d  o p e r a t i n g
-  1 -
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2c h a r a c t e r i s t i c s .  f l h e r e  a  s y s t e m  o f  p o r t s  e x i s t s  w i t h  a h i g h  
d e g r e e e  o f  i n t e r a c t i o n  a s  cn t h e  G r e a t  l a k e s ,  { P r o v i n c i a l  
G r e a t  L a k e s / S e a w a y  T a s k  F o r c e  1 9 9 1 ) ,  p o r t s  a r e  d e p e n d e n t  
u p o n  e a c h  o t h e r * s  t r a f f i c .  By u n d e r s t a n d i n g  t h e s e  i n t e r ­
r e l a t i o n s h i p s ,  t h o s e  m a n a g i n g  o r  o p e r a t i n g  a  p e r t  c a n  
i d e n t i f y  i t s  p o s i t i o n  i n  t h e  s y s t e m  a n d  d i r e c t  t h e  
d e v e l o p m e n t  o f  a  i n t e g r a t e d  p l a n  w h i c h  m i g h t  y i e l d  t h e  b e s t  
r e s u l t s .
P l a n n i n g  s h o u l d  p r o c e e d  w i t h  k n o w l e d g e ,  a n d
c l a s s i f i c a t i o n  i s  a  p r o c e d u r e  m o s t  u s e f u l  i n  t h e  e a r l y  
s t a g e s  o f  t h e  s y s t e m a t i z a t i o n  o f  k n o w l e d g e ,  f o r  i t  d r a w s  
a t t e n t i o n  t o  s i m i l a r i t i e s  among  t h e  m e m b e r s  o f  a  c l a s s  a n d  
t o  d i f f e r e n c e s  b e t w e e n  c l a s s e s .
T h e  f e w  a t t e m p t s  a t  p o r t  c l a s s i f i c a t i o n  u n d e r t a k e n  h a v e  
p r o c e e d e d  b y  e x a m i n i n g  p o r t  c h a r a c t e r i s t i c s ,  u s u a l l y  t h r o u g h  
t h e  u s e  o f  m a p s  a n d  c h a r t s .  P o r t s  w e r e  s i m p l y  g r o u p e d  
a c c o r d i n g  t o  t h e  c h a r a c t e r i s t i c s  t h e y  s h a r e d .  I f  p o r t s  s h a r e  
many  c h a r a c t e r i s t i c s ,  t h e n  i t  may b e  t h a t  t h e y  d i f f e r  i n  t h e  
i n t e n s i t y  o f  t h e s e  a t t r i b u t e s -  H e n c e  a  p r o c e d u r e  w h i c h  
t a k e s  i n t o  a c c o u n t  t h e  v a r y i n g  i n t e n s i t i e s  may p i c k  u p  
d i f f e r e n c e s  m o r e  e a s i l y  a n d  may b e  m o r e  s u i t a b l e  f o r  
d e v e l o p i n g  a  c l a s s i f i c a t i o n  o f  p o r t s -
i
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C h a p t e r  I I  
S COPE AND S T OPI  D E S I G N
I n  t h e  c a s e  o f  p o r t  c l a s s i f i c a t i o n ,  g u e s t i o n s  r e m a i n  a s  
t o  t h e  b e s t  p r o c e d u r e s  t o  he  f o l l o w e d ,  a n d  a s  t o  t h e  m o s t  
a p p r o p r i a t e  v a r i a b l e s  t o  b e  u s e d -  T h e  p u r p o s e  o f  t h i s  s t u d y  
i s  t o  e v a l u a t e  v a r i a b l e s  a n d  p r o c e d u r e s  u s e d  b y  B o e m e r  a n d  
o t h e r s  i n  t h e  c l a s s i f i c a t i o n  o f  p o r t s -  T h i s  w i l l  b e  a c h i e v e d  
b y :
1) an  i d e n t i f i c a t i o n  o f  t h e  r e l e v a n t  v a r i a b l e s  
{ C h a p t e r  I I I )  -
2) Two i n d e p e n d e n t  t r i a l s  o f  a  p r o c e d u r e  n e w t o  
p o r t  c l a s s i f i c a t i o n , d i s c r i m i n a n t  a n a l y s i s
{ C h a p t e r s  I V ,  V ,  V I ,  V I I ) .
3) E v a l u a t i o n  o f  t h e  a d e q u a c y  o f  v a r i a b l e s  
c u r r e n t l y  u s e d  i n  p o r t  c l a s s i f i c a t i o n ,  a n d  t h e  
s t a t u s  o f  B o e m e r ' s  c l a s s i f i c a t i o n  o f  G r e a t  L a k e s  
p o r t s  { C h a p t e r  V I I I ) -
D i s c r i m i n a n t  a n a l y s i s  was  c o n s i d e r e d  t h e  m o s t  s u i t a b l e  
p r o c e d u r e  f o r  t h e  p u r p o s e s  c f  t h i s  s t u d y  f o r  i t  m a k e s  
p o s s i b l e  a d i s t i n c t i o n  a m o n g  a  n u m b e r  o f  m u t u a l l y  e x c l u s i v e  
g r o u p s  b y  t h e  i d e n t i f i c a t i o n  o f  l i n e a r  c o m b i n a t i o n s  o f  
v a r i a b l e s  w h i c h  a r e  g o o d  a t  s e p a r a t i n g  t h e  g r o u p s .  
D i s c r i m i n a n t  a n a l y s i s  a l s o  l e a v e s  t h e  c l a s s i f i c a t i o n  o p e n ,  
a l l o w i n g  t h e  p r e d i c t i o n  o f  g r o u p  m e m b e r s h i p  f o r  p r e v i o u s l y  
u n c l a s s i f i e d  c a s e s .  I t  i s  h o p e d  t o  show t h a t  t h i s  p r o c e d u r e  
i s  a  s o u n d  o n e  f o r  d e v e l o p i n g  c l a s s i f i c a t i o n s  o f  p o r t s -  The  
d e s i g n  o f  t h i s  s t u d y  i s  o u t l i n e d  i n  F i g u r e  1 .
-  3 -
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Figure 1
Study Design
■ S e le c t io n  of v a r ia b le s  to  be  
u se d  in t h e  a n a ly s i s
■ R andom ly  d iv id e  t h e  p o r t s  for e a c h  
s tu d y  y e a r  into tw o  s a m p le s
Initial Classification
■ Develop tw o  initial c la s s i f ica t io n s  
u s in g  R o e m e rs  p ro c ed u re s
Development Group
■ C o n d u c t  d isc r im in an t  ana lys is
■ De term ine  s ig n i f ican t  va r iab les
■ C h e c k  c la s s i f i c a t io n  accu rac y
Crossvalidation Group
■ P o r t s  a s s ig n e d  to  new  c l a s s e s  b a s e d  on 
d isc r im in an t  fu n c tio n  c o e f f ic ie n ts  from 
d e v e lo p m en t  g ro u p s
■ C o n d u c t  d isc r im in an t  a n a ly s is  u s in g  
s ig n i f ic a n t  v a r ia b le s  from  d ev e lo p m en t  
g ro u p s
■ C heck  c la s s i f i c a t io n  accu racy
Evaluation
■ C o m p are  new  c la s s i f i c a t io n s  w ith  initial 
c la s s i f i c a t io n s  a n d  a s s e s s  a cc u rac y  of 
th e  p r o c e d u r e  u s e d
■ A s se s  re l iab i l i ty  of  v a r ia b le s  u s e d  in the  
a n a ly se s  a n d  p a s t  s t u d i e s
■ C o m p a re  r e s u l t s  of t h e  two new 
c la s s i f i c a t io n s
■ What d o e s  t h e  p r o c e d u r e  have to  say  
reg ard in g  th e  n a tu re  of var iab les
■ C ri tica l  a s s e s s m e n t  o f  R oem er  a n d  
o th e r  c la s s i f i c a t io n  s tu d ie s
■ Im p l ic a t io n s  of t h e  n ew  c la ss i f ica t io n  
p r o c e d u re
i
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5To t e s t  t h e  new c l a s s i f i c a t i o n  p r o c e d u r e  a n d  t h e  
s u i t a b i l i t y  o f  t h e  v a r i a b l e s  m o r e  f u l l y ,  t w o  a n a l y s e s  w i l l  
b e  c o n d u c t e d  f o r  a l l  t h e  c o u m e r c i a l  p o r t s  o n  t h e  G r e a t  
L a k e s ;  o n e  f o r  1 9 6 6 ,  w h i c h  w i l l  a p p r o x i m a t e  t h e  t i m e  o f  
B o e m e i ' s  s t u d y ,  a n d  a  s e c o n d  f o r  198*4,  w h i c h  w i l l  p r e s e n t  a  
m o r e  up  t o  d a t e  v i e w  o f  t h e  o r g a n i z a t i o n  a n d  c h a r a c t e r i s t i c s  
o f  t h e  p o r t s .
T h e  i n i t i a l  g r o u p i n g  o f  p o r t s  w i l l  b e  d e t e r m i n e d  by  
a p p l y i n g  B o e m e r ' s  p r o c e d u r e s  f o r  c l a s s i f y i n g  p o r t s  f o r  e a c h  
o f  t h e  t i m e  p e r i o d s  ( C h a p t e r  I V ) .
T h e  r e s u l t s  o f  a n y  i n v e s t i g a t i o n  u s i n g  d i s c r i m i n a n t  
a n a l y s i s  a r e  o n l y  u s e f u l  i f  t h e  v a r i a b l e s  u s e d  a r e  s o u n d l y  
c h o s e n .  T h e  v a r i a b l e s  t o  b e  u s e d  i n  t h i s  i n v e s t i g a t i o n  w i l l  
b e  d r a w n  f r o m  t h e  l i t e r a t u r e ,  a n d  t h e  a u t h o r ' s  p e r c e p t i o n  o f
w h a t  m i g h t  b e  i m p o r t a n t  c r i t e r i a  f o r  d i s t i n g u i s h i n g  b e t w e e n
g r o u p s  o f  p o r t s  ( C h a p t e r  V ) -
G r e a t  L a k e s  P o r t s :  1 9 6 6  S e t
I n  1 9 6 6 ,  t h e r e  w e r e  1 3 5  c o m m e r c i a l  p o r t s  i n  o p e r a t i o n  o n  
t h e  G r e a t  L a k e s ,  f o r t y  e i g h t  i n  C a n a d a ,  a n d  e i g h t y  s e v e n  i n  
t h e  U n i t e d  S t a t e s  ( F i g u r e  2 ) .  T h e  p o r t s  w i l l  h e  d i v i d e d  i n t o
2 s a m p l e s -  O n e ,  r e f e r r e d  t o  a s  t h e  c r o s s v a l i d a t i o n  g r o u p ,
c o n s i s t i n g  o f  1 / 4  o f  t h e  p o r t s ,  w i l l  b e  d r a w n  f r o m  a  l i s t  o f  
t h e  p o r t s  u s i n g  a  r a n d o m  n u m b e r s  t a b l e -  T h e  r e m a i n i n g  3 / 4  
o f  t h e  p o r t s  w i l l  b e  r e f e r r e d  t o  a s  t h e  d e v e l o p m e n t  c r o u p .
A d i s c r i m i n a n t  a n a l y s i s  w i l l  t h e n  b e  c o n d u c t e d  o n  t h e  
d e v e l o p m e n t  g r o u p -  T h e  o b s e r v e d  d i s c r i m i n a n t  f u n c t i o n
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c o e f f i c i e n t s  b a s e d  upon  t h e  v a r i a b l e s  w h i c h  b e s t  r e f l e c t  
g r o u p  d i f f e r e n c e s  w i l l  b e  u s e d  t o  d e v e l o p  a  g r o u p i n g  o f  
p o r t s .  V a r i a b l e s  w h i c h  w e r e  f o u n d  n o t  t o  be  s i g n i f i c a n t  
d i s c r i m i n a t o r s  b e t w e e n  g r o u p s  w i l l  be  d r o p p e d  f r o m  t h e  
a n a l y s i s  b e y o n d  t h a t  s t a g e .
U s i n g  t h e  v a r i a b l e s  s h o w n  t o  b e  s i g n i f i c a n t  a n d  t h e  
d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  g e n e r a t e d  a b o v e ,  t h e  
m e m b e r s  o f  t h e  c r o s s v a l i d a t i o n  g r o u p  a r e  a s s i g n e d  t o  
c l a s s e s .  A s e c o n d  d i s c r i m i n a n t  a n a l y s i s  w i l l  t h e n  b e  
c o n d u c t e d  o n  t h i s  g r o u p  o f  p o r t s  u s i n g  o n l y  t h o s e  v a r i a b l e s  
i d e n t i f i e d  a s  s i g n i f i c a n t  f o r  t h e  d e v e l o p m e n t  g r o u p  s o  a s  t o  
i d e n t i f y  t h o s e  v a l u e s  o f  t h e  c o e f f i c i e n t s  w h i c h  w o u l d  
a c h i e v e  t h e  g r e a t e s t  s u c c e s s  i n  a s s i g n i n g  p o r t s  t o  c o r r e c t  
c l a s s e s .  T h i s  a n a l y s i s  w i l l  t h u s  g e n e r a t e  a  r e f i n e d  g r o u p i n g  
o f  t h e  p o r t s  [ C h a p t e r  V I ) .  T h i s  e x t e n d e d  c r o s s v a l i d a t i o n  
p r o c e d u r e  i s  i n t e n d e d  t o  n o t  o n l y  c o n f i r m  t h e  u t i l i t y  o f  t h e  
v a r i a b l e s  i d e n t i f i e d  b u t  a l s o  t o  s h ow  how t h e  b e s t  v a l u e s  o f  
t h e  c o e f f i c i e n t s  m i g h t  b e  d i s c c v e r e d -
G r e a t  L a k e s  P o r t s ;  1 9 8 4  S e t
I n  1 9 8 H ,  t h e r e  w e r e  126  c o m m e r c i a l  p o r t s  i n  o p e r a t i o n  o n  
t h e  G r e a t  L a k e s ,  f o r t y  f i v e  i n  C a n a d a ,  a n d  e i g h t y  o n e  i n  t h e  
U n i t e d  S t a t e s  ( F i g u r e  3 ) .  As i n  t h e  1 9 6 6  a n a l y s i s ,  p o r t s  
w i l l  b e  g r o u p e d  a c c o r d i n g  t o  R c e m e r * s  p r o c e d u r e s  a n d  d i v i d e d  
i n t o  t w o  s a m p l e s  ( C h a p t e r  V I I ) .  At  t h i s  s t a g e ,  t h e  
d e v e l o p m e n t  g r o u p ,  3 / H  o f  t h e  p o r t s ,  w i l l  b e  d r a w n  u s i n g  a  
r a n d o m  n u m b e r s  t a b l e ,  a n d  t h e  r e m a i n i n g  o f  t h e  p o r t s
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w i l l  f o r m  t h e  c r o s s v a l i d a t i o n  g r o u p .  T h e  a n a l y s i s  w i l l  t h e n  
p r o c e e d  i n  t h e  s a m e  m a n n e r  a s  t h e  1 9 6 6  a n a l y s i s  ( F i g u r e  1 ) ,
T h e  r e s u l t s  o f  t h e  s e t s  w i l l  b e  r e p o r t e d  i r  a  m a n n e r  t h a t  
w i l l  c l e a r l y  m e e t  o b j e c t i v e s  o f  t h i s  s t u d y -  F i r s t ,  i n  o r d e r  
t o  d e t e r m i n e  w h a t  v a r i a b l e s  a r e  o f  s i g n i f i c a n c e  i n  t h e  
c l a s s i f i c a t i o n s ,  t h e  s i g n i f i c a n t  f u n c t i o n s  m u s t  b e  e x a m i n e d ,  
I n  d i s c r i m i n a n t  a t a l y s i s ,  t w c  f u n c t i o n s  a r e  g e n e r a t e d  t o  
s e p a r a t e  a  p o p u l a t i o n  i n t o  t h r e e  g r o u p s ,  a n d  t h e  f i r s t  
f u n c t i o n  a l w a y s  a c c o u n t s  f o r  t h e  g r e a t e s t  p o r p o r t i o r  o f  t h e  
v a r i a n c e .  I n  t h i s  s t u d y ,  i f  t h e  r e m a i n i n g  f u n c t i o n  a c c o u n t s  
f o r  l e s s  t h a n  5 0  p e r c e n t  o f  t h e  v a r i a n c e  a c c o u n t e d  f o r  by  
t h e  f i r s t  f u n c t i o n ,  i t  w i l l  b e  c o n s i d e r e d  i n s i g n i f i c a n t  a n d  
n o t  w a r r a n t  f u r t h e r  e x a m i n a t i o n .
T h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  r e l a t i o n s h i p s  b e t w e e n  t h e  
g e n e r a t e d  f u n c t i o n s  a n d  g r o u p  d i f f e r e n c e s  w i l l  b e  t h e n  
r e v i e w e d  u s i n g  W i l k s ’ s  l a m b d a  s o  a s  t o  a l l o w  a  t e s t  o f  t h e  
s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p  m e a n s .  T h e  
c l o s e r  l a m b d a  v a l u e s  a r e  t o  o n e ,  t h e  l e s s  s i g n i f i c a n t  t h e  
d i f f e r e n c e  t h e r e  i s  b e t w e e n  g r o u p  m e a n s ;  v a l u e s  c l o s e r  t o  
z e r o  i n d i c a t e  g r e a t e r  s i g n i f i c a n c e s  i n  t h e  d i f f e r e n c e s  i n  
g r o u p  m e a n s .
A r e v i e w  o f  t h e  g e n e r a t e d  s t a n d a r d i z e d  f u n c t i o n  
c o e f f i c i e n t s  a n d  t h e  p o o l e d  w i t h i n - g r o u p s  c o r r e l a t i o n s  w i l l  
t h e n  f o l l o w .  T h e s e  w i l l  i d e n t i f y  t h e  r e l a t i v e  i m p o r t a n c e  o f  
t h e  v a r i a b l e s  i d e n t i f i e d  a s  s i g n i f i c a n t .  An e x a m i n a t i o n  o f  
t h e  g e n e r a t e d  s c a t t e r p l o t s  w i l l  b e  u n d e r t a k e n  s o  a s  t o
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p r o v i d e  f u r t h e r  i n s i g h t s  i n t o  t h e  d e g r e e  o f  c l u s t e r i n g  o f  
g r o u p  m e m b e r s ,  a n d  t h e  e x t e n t  o f  o v e r l a p p i n g  b e t w e e n  g r o u p s .
F i n a l l y ,  t h e  r e s u l t s  o f  t h e  g r o u p i n g  b y  d i s c r i m i n a n t  
a n a l y s i s  w i l l  b e  c o m p a r e d  w i t h  t h e  o r i g i n a l  g r o u p i n g  s o  t h a t  
t h e  a c c u r a c y  o f  t h e  r e s u l t s  c a n  b e  a s s e s s e d .
T h e  a n a l y s e s  c o m p l e t e d ,  C h a p t e r  V I I I  w i l l  b r i n g  t o g e t h e r  
a  n u m b e r  o f  c o n c l u s i o n s  r e g a r d i n g  t h e  s u i t a b i l i t y  o f  t h e  
v a r i a b l e s  f o r  p o r t  c l a s s i f i c a t i o n s ,  t h e  u s e  o f  d i s c r i m i n a n t  
a n a l y s i s  i n  p o r t  c l a s s i f i c a t i o n ,  a n d  E o e m e r * s  p o r t  
c l a s s i f i c a t i o n .
T h e  f i n a l  c h a p t e r  o f  t h i s  s t u d y  w i l l  c o n s i d e r  t h e  
i m p l i c a t i o n s  o f  t h e  r e s u l t s  f o r  t h o s e  i n  p o r t  a n d  s h i p p i n g  
i n d u s t r i e s  ( C h a p t e r  I X ) .
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C h a p t e r  I I I  
REVIEH OF CRI TI CAL LITERATURE
I t  i s  t h r o u g h  s o m e  f o r m  o f  i d e n t i f i c a t i o n  o f  t h e
c h a r a c t e r i s t i c s  c f  a n  o b j e c t  t h a t  we a r e  a b l e  t o  d i s t i n g u i s h  
i t  f rom o t h e r  o b j e c t s  and t h u s  c l a s s i f y  i t .  In  p e r t
g e o g r a p h y ,  t h e r e  h a s  b e e n  l i t t l e  a g r e e m e n t  among r e s e a r c h e r s  
on a d e q u a t e  c r i t e r i a  f o r  t h e  m e a s u r e m e n t  o f  p o r t  s t a t u s .  
S e v e r a l  c r i t e r i a  h a v e  b e e n  i d e n t i f i e d ,  some  h a v i n g
a d v a n t a g e s ,  o t h e r s  p r o v i n g  u n r e l i a b l e .
3 . 1 E a r l y  P o r t  C l a s s i f i c a t i o n
M o r g a n  ( 1 9 5 2 )  s u g g e s t e d  t h a t  n e t  r e g i s t e r e d  t o n n a g e  was  
t h e  b e s t  a v a i l a b l e  m e a s u r e m e n t  c r i t e r i o n  f c r  t h e  
c l a s s i f i c a t i o n  o f  p o r t s .  I t  i n c l u d e d  a l l  t y p e s  o f  t r a f f i c  
e n t e r i n g  a n d  l e a v i n g  p o r t s .  U s i n g  n e t  r e g i s t e r e d  t o n n a g e  a s  
t h e  d i s c r i m i n a t i n g  v a r i a b l e ,  M o r g a n  d e v e l o p e d  w h a t  h e  c a l l e d  
a  f u n c t i o n a l  c l a s s i f i c a t i o n  w i t h  e l e v e n  t y p e s  o f  p o r t s :  
n a v a l  p o r t s ,  f i s h i n g  p o r t s ,  f e r r y  p o r t s ,  h a r b o u r s  o f  r e f u g e ,  
p o r t s  o f  c a l l  a n d  b u n k e r i n g  p o r t s ,  t r a n s h i p m e n t  p o r t s ,  
e n t r e p o r t s ,  f r e e  p o r t s ,  o u t  p o r t s ,  c o a s t w i s e  a n d  s h o r t  s e a  
p o r t s ,  a n d  t r a m p ,  t a n k e r  a n d  l i n e r  p o r t s .
C a r t e r  ( 1 9 6 2 )  d i d  n o t  l i m i t  h i m s e l f  t o  a  s i n g l e  c r i t e r i o n  
b u t  p r o p o s e d  a  m u l t i - c r i t e r i a  a p p r o a c h .  U s i n g  t y p e  o f
-  11  -
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t r a f f i c ,  w e i g h t  o f  c a r g o ,  n a t u r e  o f  c o m m o d i t y ,  t r a f f i c  
f l o w s ,  v a r i e t y  o f  c o m m e r c e ,  h e  c o n s t r u c t e d  a  s e r i e s  c f  m a p s ,  
o n e  f o r  e a c h  c r i t e r i o n ,  e a c h  s h o w i n g  t h e  i n t e n s i t y  o f  t h e  
p a r t i c u l a r  c r i t e r i o n  f o r  6 0  U n i t e d  S t a t e s  p o r t s .  T h r o u g h  a  
v i s u a l  e x a m i n a t i o n  o f  t h e  m a p s ,  C a r t e r  w a s  a b l e  t o  i d e n t i f y  
7 t y p e s  o f  p o r t s :  p o r t s  a s s o c i a t e d  w i t h  t h e  m a n u f a c t u r i n g  o f  
s t e e l ,  p o r t s  a s s o c i a t e d  w i t h  { e t r o l e u m  r e f i n i n g ,  p o r t s  w h i c h  
s e r v e  a s  p e t r o l e u m  t e r m i n a l s ,  p o r t s  a s s o c i a t e d  w i t h  m i n i n g  
a c t i v i t i e s ,  b u l k  m a t e r i a l  p o r t s ,  g e n e r a l  c a r g o  p o r t s ,  a n d  
p o r t s  w h i c h  i n c o r p o r a t e  t w o  o r  m o r e  o f  t h e  a b o v e  f u n c t i o n s .
Ri mt ne r  ( 1 9 6 7 )  b e l i e v e d  t h a t  i f  t h e  i d e a  o f  a  m u l t i ­
c r i t e r i a  a p p r o a c h  w a s  t o  b e  a c c e p t e d ,  d i f f e r e n c e s  b e t w e e n  
s u c h  c r i t e r i a  s h o u l d  b e  e x a m i n e d  a n d  s t e p s  t a k e n  t o  
d e t e r m i n e  s t a t i s t i c a l l y  i f  t h e r e  w a s  a n y  o n e  c r i t e r i o n  
s u p e r i o r  t o  t h e  o t h e r s .
I n  h i s  a n a l y s i s ,  R i m m e r  i d e n t i f i e d  t h e  p o r t s  c f  Hew
Z e a l a n d  f o r  4 d i f f e r e n t  y e a r s  a s  c o n d u c t i n g  g r o s s ,  o v e r s e a s  
a n d  c o a s t a l  t r a d e .  I f  a  s u p e r i o r  p o r t  m e a s u r e m e n t  c r i t e r i o n  
c o u l d  b e  e s t a b l i s h e d ,  S i m m e r  w a n t e d  t o  d e t e r m i n e  i f  i t  
a p p l i e d  t o  m o r e  t h a n  o n e  t i m e  p e r i o d  a n d  f o r  m o r e  t h a n  o n e
l e v e l  o f  t r a d e .  He s o u g h t  t o  a n s w e r  t h e s e  q u e s t i o n s  b y
d e t e r m i n i n g  c o e f f i c i e n t s  o f  c o r r e l a t i o n  b e t w e e n  v a r i o u s  
m e a s u r e m e n t s  f o r  t h e  t h r e e  l e v e l s  o f  t r a d e :  n e t  r e g i s t e r e d
t o n n a g e ,  c a r g o  h a n d l i n g  c a p a c i t i e s ,  d e p t h  o f  a p p r o a c h e s ,  
w e i g h t  o f  c a r g o e s  l a n d e d  a n d  s h i p p e d ,  a n d  b e r t h i n g
a c c o m o d a t i o n s .  F o r  o v e r s e a s  t r a d e ,  a n  a d d i t i o n a l  m e a s u r e ,
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v a l u e s  o f  c a r g o e s  l a n d e d  and s h i p p e d #  w a s  i n c l u d e d .  Rimtner  
d i s c o v e r e d  t h a t  t h e r e  w e r e  v a r i a t i o n s  i n  t h e  a b i l i t y  o f  
m e a s u r e m e n t s  t o  c l e a r l y  s e p a r a t e  p o r t s .  He f o u n d  t h a t  
w e i g h t  c f  c a r g o #  h a v i n g  t h e  h i g h e s t  c o r r e l a t i o n
c o e f f i c i e n t s #  w a s  t h e  b e s t  f o r  i d e n t i f y i n g  t h e  s t a t u s  o f  New
Z e a l a n d  p o r t s  i n  a l l  o f  t h e  y e a r s  s e l e c t e d #  and f o r  t h e  
t h r e e  l e v e l s  o f  t r a d e -
B i r d  ( 1 9 7 1 )  s u g g e s t e d  a  n u m b e r  o f  v a r i a b l e s  w h i c h  c o u l d  
b e  u s e d  f o r  d i f f e r e n t i a t i n g  p o r t s :  b e r t h i n g  a c c o m m o d a t i o n s
f o r  s h i p s ,  c a r g o  h a n d l i n g  c a p a c i t i e s ,  d e p t h  o f  a p p r o a c h e s #  
d e p t h  o f  s h i p  a c c o m m o d a t i o n s ,  w e i g h t  o f  c a r g o e s #  v a l u e  o f  
c a r g o e s ,  a n d  n e t  r e g i s t e r e d  t o n n a g e  o f  s h i p p i n g .  T h e  l a t t e r  
t w o  v a r i a b l e s  w e r e  u s e d  b y  E i r d  ( 1 9 6 3 )  i n  h i s  M a j o r  S e a p o r t s  
o f  t h e  U n i t e d  K i n g d om.  F o r  t h e s e  v a r i a b l e s  a n d  t h o s e  
s u g g e s t e d  b y  o t h e r s ,  B i r d  d i s c u s s e d  t h e  d i s a d v a n t a g e s  w h i c h  
s h o u l d  b e  s e r i o u s l y  e x a m i n e d  i n  t e r m s  o f  t h e i r  i n p a c t  o n  
d i s t i n g u i s h i n g  t h e  s t a t u s  c f  p c r t s -
3 . 2  G r e a t  L a k e s  P o r t s
R o e m e r  ( 1 9 7 1 )  e x a m i n e d  a  n u m b e r  o f  a s p e c t s  o f  t h e  S t .  
L a w r e n c e  S e a w a y ,  i t s  p o r t s ,  i t s  h i n t e r l a n d #  a n d  p r e s e n t e d  a 
c l a s s i f i c a t i o n  o f  G r e a t  L a k e s - S t .  L a w r e n c e  R i v e r  p o r t s .
R o e m e r  m a p p e d  t h r e e  v a r i a b l e s  f o r  90  p o r t s ;  t y p e s  o f
c o m m o d i t i e s #  t o n n a g e  o f  c a r g o e s  s h i p p e d ,  a n d  t h e  r a t i o  c f  
i n b o u n d  a n d  o u t b o u n d  c a r g o e s .  S h e  i d e n t i f i e d  5 t y p e s  o f  
c o m m o d i t i e s  h a n d l e d :  i r o n  o r e #  c o a l ,  g r a i n ,  b u i l d i n g
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a g g r e g a t e s ,  a n d  a g r o u p  i d e n t i f i e d  a s  o t h e r s .  P o r t s  w e r e  
p l a c e d  i n t o  o n e  o f  t h r e e  c l a s s e s  f c a s e d  u p o n  t h e  t h e  q u a n t i t y  
a n d  n u m b e r  o f  c o m m o d i t i e s  h a n d l e d -  E a s e d  o n  t h e  t o c n a g e  o f  
c a r g o  s h i p p e d ,  t h e  s a m e  p o r t s  w e r e  d i v i d e d  i n t o  7 g r o u p s  
r a n g i n g  f r o m  1 0 0 , 0 0 0  t o n s  t o  5 0  m i l l i o n  t o n s .  f i n a l l y ,  
t r a f f i c  w a s  d i v i d e d  i n t o  i n b o u n d  a n d  o u t b o u n d  m o v e m e n t s  f o r  
p o r t s  h a n d l i n g  a t  l e a s t  5 0 0 , 0 0 0  t o n s .
3 . 3 Sgfn paipY o f  C r i t i c a l  l i t e r a t u r e
M a j o r  p o r t  c l a s s i f i c a t i o n  s c h e m e s  e m b r a c e d  t h r e e  t a s k s .  
T h e  f i r s t  i n v o l v e s  t h e  r e s e a r c h e r  p r e s e n t i n g  m e a s u r e m e n t  
c r i t e r i a  c o n s i d e r e d  s i g n i f i c a n t  f o r  p o r t s .  H e r e ,  t h e  
q u e s t i o n  o f  t h e  a d e q u a t e  c h o i c e  o f  p o r t  m e a s u r e m e n t  c r i t e r i a  
s e e m s  t o  a r i s e .  T h e  s e c o n d  t a s k  e n t a i l e d  t h e  u s e  o f  s o m e  
p r o c e d u r e  f o r  a s s i g n i n g  p o r t s  t o  c l a s s e s ,  l e a d i n g  t o  t h e  
f i n a l  t a s k  -  t h e  c o n s t r u c t i o n  o f  a c l a s s i f i c a t i o n  s c h e m e  
( T a b l e  1) .  I n  t h i s  s t u d y .  G r e a t  L a k e s  p o r t s  w i l l  s e r v e  a s  
t h e  t e s t  c a s e  a n d  E o e m e r ' s  c l a s s i f i c a t i o n  w i l l  b e  t h e  
s t a r t i n g  p o i n t .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
Table 1 .-Summary of Port Classifications
VARIABLES,
MEASUREMENT
CRITERIA
MORGAN-1952 
PORTS IN GENERAL
CARTER-1962 
UNITED STATES PORTS
RIMMER-1966 
NEW ZEALAND PORTS
BIRD-1971 
PORTS IN GENERAL
ROEMER-1971 
GREAT LAKES PORTS
Net r e g i s te r e d  to n n ag e
Type of t r a f f i c
Weight of  c a r g o
Type of c o m m o d i ty
T raf f ic  f lo w s
V arie ty  of c o m m e rc e
Value of fo re ig n  
c o m m e rc e
Net r e g i s te r e d  to n n a g e
C argo  handling capacity
Depth of a p p ro a c h e s
Weight of c a r g o s  landed  
and sh ip p ed
Berthing a c c o m o d a t io n s
B er th in g  a cc o m o d a t io n s
C argo  handling capacity
Depth of port approaches
Depth of ship a ccom oda t ion
Weight of cargos  landed 
a n a  shipped
Value of c a rq o s  landed 
a n d  sh ipped
Net reg is te red  tonnage
Tonnage  of cargo  sh ipped
Number and types of 
com m odit ie s
R atio of inbound and 
outbound traffic
PROCEDURE
USED
Func tiona l
C la s s i f ic a t io n
•Mapping e a c h  variable  
and drawing conclusions 
from the  o b se rv ed  pa t te rns
•D ete rm in ing  co rre la t ion  
c o e f f i c ie n ts  b e tw een  the  
m easurem ent  c r i te r ia  and  
th re e  leve ls  of t rade
• Mapping each  variable
CLASSES
OF
PORTS
1 Naval Ports
2  F ish ing  P o r ts
3 Ferry P o r t s
4  H arb o u rs  of re fu g e
5 P o r t s  of  c a l l  a n d  
Bunkering  Ports
6  T ran sh ip m en t  P o r t s
7 E n t r e  P o r ts
8  Free  Po r ts
9  Out P o r t s
10 C o a s tw ise  an d  Short  
S ea  P o r t s
11 Tramp, Tanker and  
Liner Ports
1 Ports  a s s o c i a t e d  with the 
m anufac tu r ing  of s teel
2 P o r ts  a s s o c i a t e d  with 
mining ac t iv it ies
3  Ports  a s so c ia te d  with 
pe tro leum  refining
4 Ports  which se rve  a s  
petro leum term inals
5 Bulk material  ports
6 General c a rg o  po r ts
7 P o r t s  which in co rp o ra te  
two or m o re  of the  above 
fu n c t io n s
• In d e n t i f i c a t io n  of weight 
of ca rg o  a s  the  b es t  
m e a s u r e m e n t  c r i te r io n
• Po r ts  c la s s i f ied  by commodity
1 Ports  handling predominately 
one  comm odity
2 Ports  handling predominately 
two c o m m o d i t ie s
3 Ports with mixed func tions 
(commodities)
•P o r ts  c lass if ied  by ton n ag e  
of cargo
•P o r t s  c lass if ied  accord ing  
to  sh ipm ents  and rece ip ts
C h a p t e r  IV 
THE I N I T I A I  GROUPINGS
4 . 1 I n t r o d u c t i o n
T h e  p r e l i m i n a r y  s t a g e  o f  t h e  a n a l y s i s  i s  t h e  a s s i g n i n g  o f  
t h e  s t u d y  s u b j e c t s  t o  v a r i o u s  g r o u p s  b a s e d  o n  E o e o e r ' s  
£ 1 9 7 1 )  t w o  m e a s u r e m e n t  c r i t e r i a :  t o t a l  t o n n a g e  o f
c o m m o d i t i e s  s h i p p e d  a n d  t h e  n u m b e r  o f  c o m m o d i t i e s -  E o e m e r ’ s  
c l a s s i f i c a t i o n  c o n s i d e r e d  p o r t s  h a n d l i n g  a t  l e a s t  1 0 0 , 0 0 0  
t o n  o f  c a r g o e s  a n d  t h u s  w a s  l i m i t e d  t o  73  G r e a t  L a k e s  p o r t s .
T h e  s t a t i s t i c s  u s e d  b y  E o e m e r  t o  c l a s s i f y  t h e  U n i t e d
S t a t e s  p o r t s  w e r e  f o r  1 9 6 4 .  S i n c e  t h e r e  w a s  n o  m e n t i o n  o f  
t h e  y e a r  f o r  t h e  d a t a  o n  w h i c h  t h e  C a n a d i a n  p o r t s  w e r e
c l a s s i f i e d ,  E o e m e r ’ s  s t a t i s t i c s  w e r e  c o m p a r e d  w i t h  t h o s e  
p u b l i s h e d  b y  t h e  C a n a d i a n  g o v e r n m e n t .  T h i s  c o n f i r m e d  t h a t  
t h e  y e a r  w a s  i n d e e d  1 9 6 4 -
4 - 2  G r e a t  L a k e s  P o r t s : 1 9 6 6/ 1 9 8 4
Due t o  t h e  n a t u r e  o f  t h e  s h i p p i n g  i n d u s t r y ,  t h e  n u m b e r  o f  
c o m m e r c i a l  p o r t s  o n  t h e  l a k e s  c a n  v a r y  f r o m  y e a r  t o  y e a r -  
S r a a l l  p o r t s  a r e  p a r t i c u l a r l y  s u s c e p t i b l e  t o  u p w a r d  a n d  
d o w n w a r d  f l u c t u a t i o n s  i n  b u s i n e s s -  Two i n i t i a l  g r o u p i n g s  
w e r e  d e v e l o p e d ,  o n e  f o r  1 9 6 6 ,  t h e  s e c o n d  f o r  1 9 8 4 -
F l u c t u a t i o n s  i n  t h e  n u m b e r  c f  p o r t s  b e t w e e n  t h e s e  t w o  y e a r s
-  16 -
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a r e  e v i d e n t ,  f o r  i n  1 9 6 6 ,  135  c o m m e r c i a l  p o r t s  w e r e
i d e n t i f i e d  o n  t h e  l a k e s ,  c o m p a r e d  t o  126 i n  1 9 8 4 .
T h e  p u r p o s e  o f  t h e s e  i n i t i a l  g r o u p i n g s  w a s  n o t  t o
d u p l i c a t e  E o e m e r ’ s  c l a s s e s  o f  p o r t s ;  r a t h e r  i t  w a s  t o
r e p l i c a t e  t h e  p r o c e d u r e s  u s e d  i n  t h e  d e v e l o p m e n t  o f  h e r
c l a s s i f i c a t i o n .
4 . 3  C l a s s e s  o f  P o r t s
E o e m e r  i d e n t i f i e d  3 t y p e s  o f  p o r t s .
I .  P o r t s  h a n d l i n g  p r e d o m i n a n t l y  o n e  c o m m o d i t y  
a c c o u n t i n g  f o r  a t  l e a s t  40 p e r c e n t  o f  t h e  t o t a l  
t o n n a g e  o f  t h a t  p o r t .
I I .  P o r t s  h a n d l i n g  p r e d o m i n a n t l y  t w o  c o m m o d i t i e s  
a c c o u n t i n g  f o r  a t  l e a s t  70 p e r c e n t  o f  t h e  t o t a l  
t o n n a g e  o f  t h a t  p o r t .
I I I .  P o r t s  w i t h  m i x e d  f u n c t i c n s -
B o e m e r  i s  n o t  c l e a r  o n  t h e  a p p l i c a t i o n  o f  t h e s e  r u l e s -  A 
c o n c i s e  b r e a k d o w n  o f  t h e  p o r t s  i n t o  t h e i r  a p p r o p r i a t e  
c l a s s e s  i s  n o t  g i v e n .  B a t h e r ,  a  c l a s s i f i c a t i o n  c h a r t  i s  
p r o v i d e d  f r o m  w h i c h  o n e  m u s t  i n t e r p r e t  t h e  r u l e s  i n  r e l a t i o n  
t o  w h a t  h a s  b e e n  d i s c u s s e d  i n  a  g e n e r a l  e x a m i n a t i o n  o f  
s e l e c t e d  p o r t s .  I h e r e  i s  no  d i s c u s s i o n  o f  how t h e s e  r u l e s  
w e r e  a p p l i e d  o r  how a p o r t  c a m e  t o  b e  p u t  i n  a  p a r t i c u l a r
c l a s s .  T h e r e  i s  no  d e t a i l e d  b r e a k d o w n  o f  c o m m o d i t i e s  p e r
p o r t  i n  t e r m s  o f  t o n n a g e ,  o r  i n  t e r m s  o f  t h e  p e r c e n t a g e  o f  
t h e  p o r t  t o n n a g e  a c c o u n t e d  f o r  b y  t h a t  c a r g o .
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I t  i s  d i f f i c u l t  t o  d e t e r m i n e  f r o m  t h e  g e n e r a l  e x a m i n a t i o n  
w h i c h  p o r t s  f a l l  i n t o  p a r t i c u l a r  c l a s s e s .  I t  i s  m e r e  
d i f f i c u l t  t o  u n d e r s t a n d  h e r  c l a s s i f i c a t i o n  p r o c e d u r e .  No 
e x a m p l e s  a r e  g i v e n  t o  s u g g e s t  how t h e  r u l e s  a r e  a p p l i e d .  T h e  
c l a s s i f i c a t i o n  c h a r t  d o e s  s u g g e s t  t h e  a m o u n t s  a n d  t y p e s  o f  
c a r g o e s  s h i p p e d  b y  p o r t s ,  b u t  d o e s  n o t  a p p e a r  t c  b e  a n  
a c c u r a t e  m e a n s  o f  d e t e r m i n i n g  w h i c h  p o r t s  b e l o n g  t o  a  g i v e n  
c l a s s -  I n  a t t e m p t i n g  t o  r e p l i c a t e  B c e m e r * s  c l a s s i f i c a t i o n  
p r o c e d u r e s ,  a  n u m b e r  o f  f l a w s  w e r e  i d e n t i f i e d  i n  t h e  c h a r t  
w h i c h  g i v e  a n  i n c o r r e c t  s t a t u s  t o  s o m e  p o r t s .  T h e s e  w i l l  b e  
d i s c u s s e d  l a t e r  i n  t h e  s t u d y -
4 . 4  On e  C o m m o d i t y  P o r t s
E o e m e r  d e f i n e d  p o r t s  o f  G r o u p  I  a s  h a v i n g  o n e  c o m m o d i t y  
a c c o u n t i n g  f o r  a t  l e a s t  40  p e r c e n t  o f  t h e  t o t a l  t o n n a g e  o f  
t h e  p o r t .  T h i s  r u l e  s e e m s  s t r a i g h t  f o r w a r d  u n t i l  i t  i s  
a p p l i e d .  P o r t s  h a n d l i n g  a  c o m m o d i t y  w h i c h  a c c o u n t s  f o r  41 
p e r c e n t  o f  t h e  t o t a l  t o n n a g e  c a n  f i n d  t h e m s e l v e s  i n  t h e  s a m e  
g r o u p  a s  o t h e r  p o r t s  h a v i n g  t h a t  s a m e  c o m m o d i t y  a c c o u n t i n g  
f o r  90 p e r c e n t  o f  t h e i r  t o t a l  t o n n a g e -  A s s i g n i n g  p o r t s  t o  
t h i s  c l a s s  i s  l e s s  c o m p l i c a t e d  i f  t h e  p o r t s  h a n d l e d  o n e  
c o m m o d i t y  w h i c h  a c c o u n t e d  f o r  a  s i g n i f i c a n t  p e r c e n t a g e  o f  
t h e  t o t a l  c a r g o e s  s h i p p e d -
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4 . 5  Two C o m m o d i t y  P o r t s
P o r t s  w h i c h  may s h i p  s e v e r a l  c o m m o d i t i e s  a c c o u n t i n g  f o r  
v a r y i n g  p r o p o r t i o n s  o f  t h e  t o t a l  c a r g o e s  s h i p p e d  s e e m  t c  b e  
m o r e  d i f f i c u l t  t o  c l a s s i f y .
T h e r e  w e r e  c a s e s  w h e r e  a p e r t  h a n d l e d  6 0  p e r c e n t  o f  i t s  
t o t a l  t o n n a g e  i n  c o a l  a n d  2 0  p e r c e n t  i n  l i m e s t o n e .  Two 
c o m m o d i t i e s  t h u s  a c c o u n t e d  f o x  m o r e  t h a t  7 0  p e r c e n t  o f  t h e  
t o t a l  t o n n a g e  r e s u l t i n g  i n  t h e  p o r t  b e i n g  a s s i g n e d  i n t o  
G r o u p  I I .  B u t  i t  may h a v e  a l s c  b e e n  c l a s s i f i e d  i n t o  G r o u p  I  
s i n c e  i t  h a s  a  c o m m o d i t y  w h i c h  a c c o u n t e d  f o r  m o r e  t h a n  40  
p e r c e n t  o f  t h e  t o t a l  t o n n a g e .
I t  w a s  t h e r e f o r e  n e c e s s a r y  t o  d e c i d e  a t  w h a t  p e r c e n t a g e  a 
s e c o n d  c o m m o d i t y  w a s  t o  b e  c o n s i d e r e d  s i g n i f i c a n t  e n o u g h  t o  
m e r i t  c l a s s i f y i n g  a  p o r t  i n t o  G r o u p  I I ,  r a t h e r  t h a n  G r o u p  I .  
T h i s  was  d o n e  w i t h i n  t h e  s p i r i t  o f  E o e m e r ^  r u l e s -  S i n c e  
s i n g l e  c o m m o d i t y  p o r t s  w e r e  r e g u i r e d  t o  h a v e  40  p e r c e n t  o f  
t h e i r  t o t a l  t o n n a g e  r e p r e s e n t e d  by a s i n g l e  c o m m o d i t y  a n d  
t w o  c c r a m o d i t y  p o r t s  w e r e  t o  h a v e  7 0  p e r c e n t  o f  t h e i r  t o t a l  
t o n n a g e  r e p r e s e n t e d  by  t w o  c o m m o d i t i e s ,  t h e  d i f f e r e n c e ,  3 0  
p e r c e n t ,  w a s  c h o s e n  a s  t h e  m i n i m u m  p e r c e n t a g e  o f  t h e  t o t a l  
t o n n a g e  t h e  s e c o n d  c o m m o d i t y  h a d  t o  a c c o u n t  b e f o r e  t h e  p o r t  
c o u l d  b e  c l a s s i f i e d  a s  a  t w e  c c m m o d i t y  p o r t .
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4 . 6  P o r t s  w i t h  Mix e d  F u n c t i o n s
D u p l i c a t i o n  o f  B o e m e r ' s  p r o c e d u r e s  f o r  a s s i g n i n g  p c r t s  
i n t o  G r o u p  I I I  w a s  l i k e w i s e  d i f f i c u l t ,  Two t y p e s  c f  p o r t s  
w e r e  i d e n t i f i e d  i n  t h i s  g r o u p ;  s m a l l  p o r t s  w h i c h  s u p p l i e d  
l i m i t e d  h i n t e r l a n d s ,  a n d  l a r g e r  p o r t s  w h i c h  t r a n s h i p p e d  a t  
l e a s t  5 m i l l i o n  t e n s ,  1 5 0 , 0C0 o f  w h i c h  w a s  s h i p p e d  o v e r s e a s .
T h e  l a r g e r  p o r t s  w e r e  c l a s s i f i e d  e a s i l y ,  d i f f i c u l t i e s  
a r o s e  w i t h  t h e  s m a l l e r  p o r t s .  T h i s  may h a v e  b e e n  b e c a u s e  
R o e m e r  c o n c e n t r a t e d  c n  m a j o r  p o r t s  a n d  o m i t t e d  s m a l l e r  
p o r t s .  C o n s e q u e n t l y  i t  w a s  a g a i n  n e c e s s a r y  t o  d e v e l o p  r u l e s  
w i t h i n  B o e m e r ’ s  c l a s s i f i c a t i o n  t h a t  w o u l d  a l l o w  t h e  
a s s i g n m e n t  o f  t h e s e  p o r t s  t o  a  g r o u p .  S m a l l ,  m i x e d  f u n c t i o n  
p o r t s  w e r e  t h e r e f o r e  i d e n t i f i e d  a s  t h o s e  n o t  h a v i n g  a n y  
d o m i n a t i n g  c o m m o d i t i e s  a n d  t h e i r  t o t a l  t o n n a g e  w as  
d i s t r i b u t e d  a m o n g  a t  l e a s t  3 c o m m o d i t i e s .
4 . 7  S u m m a r y  o f  C l a s s e s
I n  o r d e r  t o  d e v e l o p  a  c l a s s i f i c a t i c n  o f  G r e a t  L a k e s  p o r t s  
u s i n g  B o e m e r ' s  p r o c e d u r e s ,  s o m e  a d j u s t m e n t s  w e r e  r e g u i r e d -  
T h e  t w o  g r o u p i n g s  d e v e l o p e d ,  f o r  1 9 6 6  a n d  f o r  1 9 8 4 ,  w e r e  
b a s e d  o n  t h e  f o l l o w i n g  r u l e s :
I .  P o r t s  h a n d l i n g  p r e d o m i n a n t l y  o n e  c o m m o d i t y  
a c c o u n t i n g  f o r  a t  l e a s t  40 p e r c e n t  o f  t h e  t o t a l  
t a n n a g e  o f  t h a t  p o r t .
I I .  P o r t s  h a n d l i n g  p r e d o m i n a n t l y  t w o  c o m m o d i t i e s  
a c c o u n t i n g  f o r  a t  l e a s t  70 p e r c e n t  o f  t h e  t o t a l  
t o n n a g e  o f  t h a t  p o r t .  T h e  l e s s e r  o f  t h e  t w o
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c o m m o d i t i e s  m u s t  a c c o u n t  f o r  a t  l e a s t  30 p e r c e n t  
o f  t h e  t o t a l  t o n n a g e  h a n d l e d .
I I I .  P o r t s  w i t h  m i x e d  f u n c t i o n s ,  i )  L a r g e  p o r t s  
w i t h  m i x e d  f u n c t i o n s  t r a n s h i p  a t  l e a s t  5 m i l l i o n  
t o n s  o f  w h i c h  1 5 0 , 0 0 0  t o n s  a r e  o v e r s e a s  c a r g o ,  i i )  
S m a l l  p o r t s  w i t h  m i x e d  f u n c t i o n s  l a c k  a  c o m m o d i t y  
w h i c h  a c c o u n t s  f o r  a t  l e a s t  *10 p e r c e n t  o f  t h e  
t o t a l  t o n n a g e .  T h e s e  p o r t s  m u s t  a l s o  t r a d e  i n  a t  
l e a s t  3 c o m m o d i t i e s .
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C h a p t e r  V 
STODY VAE I A BLES
5 . 1  I n t r o d u c t i o n
M u l t i - c r i t e r i a  p r o c e d u r e s  s u c h  a s  d i s c r i m i n a n t  a n a l y s i s  
a l l o w  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  many v a r i a b l e s  t o  b e  
s u m m a r i z e d  i n  a  s i n g l e  i n d e x -  V a r i a b l e s  w h i c h  w e r e  
p r e v i o u s l y  i d e n t i f i e d  a s  d e s i r a b l e  w e r e  i n c l u d e d  a l o n g  w i t h  
v a r i a b l e s  w h i c h  h a d  b e e n  o m i t t e d  i n  p a s t  s t u d i e s -  V a r i a b l e s  
h e l d  t o  b e  u n s a t i s f a c t o r y  f o r  p o r t  c l a s s i f i c a t i o n  i n  e a r l i e r  
s t u d i e s  may y e t  b e  f o u n d  t o  ma ke  a s i g n i f i c a n t  c o n t r i b u t i o n *  
F o r  t h i s  r e a s o n ,  s o m e  s u c h  v a r i a b l e s  w e r e  i n c l u d e d  i n  t h e  
a n a l y s e s ,  i n  a n  a t t e m p t  t o  s e e  i f  t h e i r  u n s a t i s f a c t o r y  
p e r f o r m a n c e  was  a  f u n c t i o n  o f  t h e  v a r i a b l e s  o r  o f  t h e  
p r o c e d u r e s  u s e d  i n  e a r l i e r  c l a s s i f i c a t i o n s -
5 . 2  Coll ection of D a t a
D i s c o v e r i e s  w e r e  made  c o n c e r n i n g  t h e  a v a i l a b i l i t y  o f  d a t a  
f o r  t h e  v a r i a b l e s .  M o s t  i m p o r t a n t  w e r e  t h e  d i f f e r e n t  
m e a s u r e s  u s e d  by  C a n a d a  a n d  t h e  U n i t e d  S t a t e s  t o  i d e n t i f y  
t h e  s t a t u s  o f  t h e i r  p o r t s ,  a n d  t h e  a v a i l a b i l t y  o f  d a t a  f o r
t h o s e  v a r i a b l e s .
S t a t i s t i c s  f o r  U n i t e d  S t a t e s  p o r t s  a r e  c o m p i l e d  by  t h e  
D e p a r t m e n t  o f  C o m m e r c e  a n d  t h e  Army C o r p s  o f  E n g i n e e r s .  D a t a
-  22  -
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c o l l e c t i o n  a n d  a c t u a l  c o l l e c t i o n  c f  s t a t i s t i c s  i s  t h e  
r e s p o n s i b i l i t y  o f  t h e  i n d i v i d u a l  p o r t .  T h e  a g e n c i e s  t h e n  
s i m p l y  c o l l e c t  s t a t i s t i c s  f r o m  t h e  p o r t s .  C o n s e q u e n t l y ,  t h e  
n u m b e r  o f  v a r i a b l e s  f o r  w h i c h  a l l  p o r t s  c o l l e c t  s t a t i s t i c s  
i s  s m a l l -  L a r g e r  p o r t s  w i l l  c o l l e c t  m o r e  v a r i e d  t y p e s  o f  
m e a s u r e s .  S m a l l e r  p o r t s ,  o f t e n  l a c k i n g  t h e  a d m i n i s t r a t i v e  
o r g a n i z a t i o n ,  w i l l  c o l l e c t  f e w e r  m e a s u r e s .  G o o d  d a t a  c a n  b e  
r e a d i l y  o b t a i n e d  f o r  t h e  l a r g e r  p o r t s  b u t  t h e  s a m e  v a r i a b l e s  
a r e  o f t e n  n o t  a v a i l a b l e  f o r  s m a l l e r  p o r t s .
I n  C a n a d a ,  c o l l e c t i o n  o f  s t a t i s t i c s  i s  t h e  r e s p o n s i b i l i t y  
o f  t h e  i n d i v i d u a l  p o r t s -  P o r t s ,  h o w e v e r ,  f a l l  u n d e r  t h e  
j u r i s d i c t i o n  o f  t h e  F e d e r a l  g o v e r n m e n t ,  u n l i k e  i n  t h e  U n i t e d  
S t a t e s ,  w h e r e  p o r t s  a r e  a d m i n i s t e r e d  by t h e  F e d e r a l ,  a n d  o r  
s t a t e ,  a n d  o r  l o c a l  g o v e r n m e n t s ,  a s  w e l l  a s  p r i v a t e  
i n t e r e s t s -  T h e  c o l l e c t i o n  o f  s t a t i s t i c s  i s  t h e r e f o r e  m o r e  
c o n t r o l l e d  i n  C a n a d a  ,  w i t h  a n  e s t a b l i s h e d  s e t  o f  m e a s u r e s  
c o l l e c t e d  b y  a l l  p o r t s .
T h e r e  w e r e  f o u r  v a r i a b l e s  w h i c h  p r o v e d  u n a v a i l a b l e  f o r  
a l l  p o r t s  f o r  t h e  t w o  t i m e  p e r i o d s  o f  t h i s  s t u d y ,  b u t  
a v a i l a b l e  f o r  C a n a d i a n  p o r t s  o n l y :  1) n e t  r e g i s t e r e d  t o n n a g e  
o f  s h i p p i n g ,  2)  g r o s s  r e g i s t e r e d  t o n n a g e  o f  s h i p p i n g ,  3)  
t o n n a g e  o f  c o n t a i n e r s  s h i p p e d  a n d  4) v a l u e  o f  c a r g o e s  
s h i p p e d .  A l l  o f  t h e s e  w e r e  i n d e n t i f i e d  i n  e a r l i e r  p o r t  
c l a s s i f i c a t i o n s  a s  g o o d  i n d i c a t o r s  o f  p o r t  s t a t u s .
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5 . 3  Va r i a b l e s  i n t h e  A n a l y s e s
V a r i a b l e s  i n c l u d e d  i n  t h e  a n a l y s e s  a n d  i d e n t i f i e d  i n  t h e
l i t e r a t u r e  a s  i n d i c a t o r s  o f  p o r t  s t a t u s  c o n s i s t e d  o f  t h e  
t o t a l  w e i g h t  o f  c a r g o e s  s h i p p e d  (TONNAGE),  t h e  v a r i e t y  o f  
c a r g o e s  s h i p p e d  (VARCCM),  t o t a l  t o n n a g e s  o f  c a r g o s  s h i p p e d  
i n t o  t h e  p o r t  ( I N G C ) ,  t o t a l  t o n n a g e  o f  c a r g o e s  s h i p p e d  o u t  
o f  t h e  p o r t  (OUTGO),  t h e  t o n n a g e  o f  c a r g o e s  s h i p p e d
o v e r s e a s - o u t s i d e  t h e  G r e a t  l a k e s  ( F CE E GO ) , a n d  t h e  t o n n a g e  
o f  c a r g o e s  s h i p p e d  w i t h i n  C a n a d a  a n d  t h e  U n i t e d  S t a t e s  
(COASTGO) .
V a r i a b l e s  h e l d  u n s a t i s f a c t o r y  i n  t h e  l i t e r a t u r e ,  h u t
i n c l u d e d  i n  t h e  a n a l y s e s ,  c o n s i s t e d  o f  t h e  n u m b e r  o f  v e s s e l  
t r a n s i t s  i n  a n d  o u t  o f  a  p o r t  ( T R A N S I T S ) , d e p t h  o f  
a p p r o a c h e s  t o  t h e  p o r t  ( D E P A P P ) ,  a n d  t h e  d e p t h  a t  c o c k s i d e  
( DEPDCCK) .
A v a r i a b l e  w h i c h  a p p e a r s  n o t  t o  h a v e  b e e n  c o n s i d e r e d  i n  
p a s t  s t u d i e s  w a s  t y p e  o f  o r g a n i z a t i o n  o r  p u b l i c  b o d y
r e s p o n s i b l e  f o r  t h e  a d m i n i s t r a t i o n  o f  t h e  p o r t .  T h e  v a r i a b l e  
(ADMIN) u a s  t h e r e f o r e  i n c o r p o r a t e d  i n t o  t h e  a n a l y s e s  ( T a b l e  
2) .
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Table 2 :
Variable
TONNAGE
VARCOM
INGO
OUTGO
FOREGO
COASTGO
TRANSITS
DEPAPP
DEPDOCK
ADMIN
Variables in the Analyses
Variable Description
Weight o f cargoes shipped 
(m etric tonnes)
Variety o f commerce 
(number o f commodities)
Cargoes inbound 
(m etric tonnes)
Cargoes outbound 
(m etric tonnes)
Overseas bound cargoes 
(m etric tonnes)
Coastwise bound cargoes- 
includes cargoes shipped 
between Canada and U.S.A. 
(metric tonnes)
Number of vesse l tr a n s its  
through the port.
Depth of approaches to
the port
(meters)
Oepth along dockside 
(meters)
Port Administration
Sources
U.S. Army Corps of  
Engineers 1966,1984
Dominion Bureau o f S ta t is t ic s  1966
S ta t is t ic s  Canada 1984
U.S. Army Corps of 
Engineers 1966,1984
Dominion Bureau of S ta t is t ic s  1966
S ta t is t ic s  Canada 1984
U.S. Army Corps of 
Engineers 1966,1984
Dominion Bureau of S ta t is t ic s  1966
S ta t is t ic s  Canada 1984
U.S. Army Corps of  
Engineers 1966,1984-
Dominion Bureau of S ta t is t ic s  1966
S ta t is t ic s  Canada 1984
U.S. Army Corps of 
Engineers 1966,1984
Oominion Bureau o f S ta t is t ic s  1966 
S ta t is t ic s  Canada 1984
U.S. Army Corps of 
Engineers 1966,1984
Dominion Bureau o f S ta t is t ic s  1956
S ta t is t ic s  Canada 1984
U.S. Army Corps of 
Engineers 1966,1984
Dominion Bureau o f S ta t is t ic s  1966
S ta t is t ic s  Canada 1984
United States Great 
P ilo t 1977,1986
S ailin g  D irections 
Great Lakes 1976,1982
United States Great Lakes 
P ilo t 1977,1986
S ailin g  D irections Great 
Lakes 1976,1982
Greenwoods Guide to Great 
Lakes Shipping 1984
Greenwoods Guide to  Great 
Lakes Shipping 1984
Seaway Maritime Directory 1984
United States Great Lakes P ilo t  
1977,1986
Ontario Ports Study 1984
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5 , U D a t a  C o n v e r s i o n s  t o  M e t r i c
A c u m b e r  o f  v a r i a b l e s  u s e d  i n  t h e  a n a l y s e s  w e r e  c o n v e r t e d  
t o  m e t r i c .  F o r  U n i t e d  s t a t e s  p o r t s ,  t h e y  c o n s i s t e d  o f  t h e  
w e i g h t  o f  c a r g o e s  s h i p p e d  a n d  a l l  w a t e r  d e p t h s  f o r  b o t h  1 9 6 6  
a n d  1 S 8 h ; f o r  C a n a d i a n  p o r t s ,  t h e y  c o n s i s t e d  o f  t h e  s a m e  
m e a s u r e s  b u t  o n l y  f o r  1 9 6 6 .
5 . 5  C o d e d  V a r i a b l e s
Two v a r i a b l e s ,  (VAECOM) a n d  (ADMIN) w e r e  n e t  i n  a  
s u i t a b l e  f o r m a t  a n d  w e r e  c o d e d  f o r  t h e  a n a l y s e s .
5 . 5 . 1  Va r i e t y  c f  Co m m e r c e
T h e  v a r i a b l e  (VARCCM) w a s  d e v e l o p e d  u s i n g  C a r t e r ' s  ( 1 9 6 2 )  
p r o c e d u r e s  f o r  c a l c u l a t i o n  o f  t h e  v a r i e t y  o f  c a r g o e s  
s h i p p e d .  T h e  n u m b e r  o f  c o m m o d i t i e s  l i s t e d  b y  t h e  U n i t e d
S t a t e s  Army C o r p s  o f  E n g i n e e r s  d i v i d e d  p o r t s  i n t o  
c a t e g o r i e s .  C a t e g o r y  o n e  w a s  i d e n t i f i e d  a s  h a v i n g  a  v e r y  l o w 
v a r i e t y  o f  c o m m e r c e ,  h a n d l i n g  b e t w e e n  1 a n d  2 5  c o m m o d i t i e s  
o r  1 2 . 5  p e r c e n t  o f  t h e  t o t a l  n u m b e r  o f  c o m m o d i t i e s  l i s t e d .  
C a t e g o r y  t w o  p o r t s  w e r e  i d e n t i f i e d  a s  b e l o w  a v e r a g e ,  
h a n d l i n g  b e t w e e n  25 a n d  100 t y p e s  o f  c o m m o d i t i e s  o r  50  
p e r c e n t  o f  t h e  t o t a l  n u m b e r  o f  c o m m o d i t i e s .  C a t e g o r y  t h r e e  
p o r t s  w e r e  i d e n t i f i e d  a s  a b o v e  a v e r a g e  h a n d l i n g  b e t w e e n  101  
a n d  175  t y p e s  o f  c o m m o d i t i e s ,  o r  8 7 - 5  p e r c e n t  o f  t t e  t o t a l  
n u m b e r  o f  c o m m o d i t i e s .  C a t e g o r y  f o u r  p o r t s  w e r e  i d e n t i f i e d  
a s  v e r y  h i g h ,  h a n d l i n g  b e t w e e n  176  a n d  2 0 0  c o m m o d i t i e s ,  o r  
100  p e r c e n t  o f  t h e  t o t a l  n u m b e r  o f  c o m m o d i t y  t y p e s .
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U s i n g  t h e  n u m b e r  o f  c o m m o d i t i e s  l i s t e d  i n  S t a t i s t i c s  
C a n a d a  S t a n d a r d  C o m m o d i t y  C l a s s i f i c a t i o n ,  a n d  t h e  n u m b e r  o f  
c o m m o d i t i e s  l i s t e d  i n  t h e  U n i t e d  S t a t e s  Army C o r p s  o f  
E n g i n e e r s  W a t e r b o r n e  C o m m e r c e  r e p o r t s .  G r e a t  L a k e s  p o r t s  
w e r e  p l a c e d  i n t o  o n e  o f  f o u r  c a t e g o r i e s .  T h e s e  c a t e g o r i e s  
w e r e  n o t  i d e n t i f i e d i  a s  v e r y  l o w ,  b e l o w  a v e r a g e ,  a b o v e  
a v e r a g e ,  o r  v e r y  h i g h ,  a s  i n  C a r t e r  ( 1 9 6 2 )  b u t  c o d e d  o n  a  
s c a l e  o f  1 t o  4 .
F o r  1 9 6 6 ,  2 1 7  t y p e s  o f  c o m m o d i t i e s  w e r e  i d e n t i f i e d  a s
s h i p p e d  t h r o u g h  C a n a d i a n  p o r t s .  C o d e  1 p o r t s  h a n d l e d  b e t w e e n  
1 a n d  17 c o m m o d i t i e s ,  c o d e  2 p o r t s  h a n d l e d  f r o m  2 8  t o  1 0 8 ,  
c o d e  3 p o r t s  f r o m  109 t o  1 8 9 ,  a n d  c o d e  4 p o r t s  f r o m  190 t o  
2 1 7  ( A p p e n d i x  B) .
I n  1 9 6 6 ,  173 t y p e s  o f  c o m m o d i t i e s  w e r e  h a n d l e d  b y  U n i t e d
S t a t e s  p o r t s .  C o d e  1 p o r t s  h a n d l e d  f r o m  1 t o  22 c o m m o d i t i e s ,  
c o d e  2 p o r t s  f r o m  23 t o  8 7 ,  c o d e  3 p o r t s  f r o m  8 8  t o  1 5 3 ,  a n d  
c o d e  4 p o r t s  f r o m  156 t o  17 3  ( A p p e n d i x  B ) -
By 1 9 8 4 ,  t h e  n u m b e r  o f  c o m m o d i t i e s  l i s t e d  b y  S t a t i s t i c s  
C a n a d a  a n d  t h e  U . S .  Army C o r p s  o f  E n g i n e e r s  h a d  d e c l i n e d .  
P o r t s  w e r e  p l a c e d  i n t o  o n e  o f  f o u r  c a t e g o r i e s  a g a i n  u s i n g  
t h e  s a m e  p r o p o r t i o n s  o f  c o m m o d i t i e s  p e r  c a t e g o r y .  C a n a d i a n  
p o r t s  h a n d l e d  8 4  t y p e s  o f  c o m m o d i t i e s .  C o d e  1 p o r t s  h a n d l e d  
f r o m  1 t o  10 c o m m o d i t i e s ,  c e d e  2 p o r t  f r o m  11 t o  4 2 ,  c o d e  3 
p o r t s  f r o m  4 3  t o  7 4 ,  a n d  c o d e  4 p o r t s  f r o m  7 5  t o  84  
( A p p e n d i x  B) .
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I n  1 9 8 4 ,  1 5 9  c o m m o d i t i e s  w e r e  s h i p p e d  t h r o u g h  U n i t e d
S t a t e s  p o r t s ,  c o d e  1 p o r t s  h a n d l e d  f r o m  1 t o  20  c o m m o d i t i e s ,
c o d e  2 p o r t s  f r o m  21 t o  8 0 ,  c o d e  3 p o r t  f r o m  81 t o  1 4 0 ,  a n d
c o d e  4 p o r t s  f r o m  14 1 t o  159 ( A p p e n d i x  B) .
5 . 5 . 2  P o r t  A d m i n i s t r a t i o n
B e v i e w  o f  t h e  t y p e s  o f  p o r t  a d m i n i s t r a t i o n s  on  t h e  l a k e s  
d u r i n g  t h e  t i m e  p e r i o d s  r e v e a l s  a  d e f i n i t e  h i e r a r c h y  c f  
t h r e s  l e v e l s ,  t h e  s m a l l e r  p o r t s  d o m i n a n t  i n  t h e  l o w e s t
l e v e l ,  t h e  l a r g e s t  i n  t h e  h i g h e s t .  I h e  f i r s t  l e v e l ,  c o d e  1 
p o r t s ,  w e r e  i d e n t i f i e d  a s  p u b l i c  p o r t s  a d m i n i s t e r e d  b y  
F e d e r a l ,  s t a t e ,  o r  l o c a l  g o v e r n m e n t s .  C o d e  2 p o r t s  w e r e  
i d e n t i f i e d  a s  p r i v a t e  p o r t s  o p e r a t e d  a n d  a d m i n i s t e r e d  by  
p r i v a t e  c o r p o r a t i o n s .  C o d e  3 p o r t s  w e r e  i d e n t i f i e d  a s  t h o s e  
a d m i n i s t e r e d  b y  p o r t  a u t h o r i t i e s  a n d  o r  h a r b o u r  c o m m i s s i o n s .
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C h a p t e r  VI 
ANALYSIS OF GREAT LAKES SORTS 1 9 6 6
6 - 1 D e v e l o p m e n t  G r o u p  1 9 6 6 ;  ftn I n i t i a l  A s s e s s m e n t
T h e  1 S 6 6  a n a l y s i s  c o v e r s  10 2  p o r t s ,  u s i n g  1C s t u d y  
v a r i a b l e s .  T h e  f i r s t  d i s c r i m i n a n t  f u n c t i o n  a c c o u n t e d  f o r  
8 5 - 8 9  p e r c e n t  o f  t h e  v a r i a n c e  c o m p a r e d  t o  F u n c t i o n  31  w h i c h  
a c c o u n t e d  f o r  1 4 - 1 1  p e r c e n t -  T h i s  l o w  v a l u e  f o r  F u n c t i o n  I I  
[ l e s s  t h a n  50% o f  t h a t  o f  F u n c t i o n  I )  s u g g e s t s  t h a t  i t  
c o n t r i b u t e s  l i t t l e  t o  t h e  s e p a r a t i o n  o f  p o r t s ,  a n d  d o e s  n o t  
w a r r a n t  d e t a i l e d  e x a m i n a t i o n  a s  d o e s  F u n c t i o n  I .
E x a m i n a t i o n  o f  W i l k s ' s  L a m b d a  t e s t  r e s u l t s  s h o w s  t h a t  
F u n c t i o n  I  h a s  v a l u e s  w h i c h  a r e  i n  t h e  m i d d l e  r a n g e  o f  
W i l k s ' s  L a m b d a  v a l u e s ,  0 - 5 5 7 3 2 4 2 ,  w h i l e  F u n c t i o n  I I  h a s  
v a l u e s  w h i c h  a r e  v e r y  c l o s e  t o  o n e ,  0 - 9 0 6 6 3 0 1  [ T a b l e  3 ) .  
T h i s  w o u l d  s u g g e s t  t h a t  we  w o u l d  b e  m o r e  l i k e l y  t o  
m i s c l a s s i f y  g r o u p  m e m b e r s  u s i n g  F u n c t i o n  I I  t h a n  w i t h  
F u n c t i o n  I  d u e  t o  t h e  g r e a t e r  d i f f i c u l t y  i n  d i s t i n g u i s h i n g  
b e t w e e n  g r o u p  m e m b e r s .
T a b l e  3 ; C a n o n i c a l  D i s c r i m i n a n t  F u n c t i o n s ^  D e v e l o p m e n t  
G r o u p  1 9 66
P e r c e n t  o f  C u m u l a t i v e  
F u n c t i o n  V a r i a n c e  P e r c e n t  W i l k s ' s  L a m b d a
1 8 5 - 8 9  9 5 - 8 9  0 - 5 5 7 3 2 4 2
2 1 4 - 1 1  1 Q 0 - 0 0  0 - 9 0 6 6 3 0 1
-  2 9  -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30
6 . 2  F u n c t i o n s  a n d  V a r i a b l e s
F o u r  v a r i a b l e s  w e r e  e f f e c t i v e  d i s c r i m i n a t o r s  i n  t h e  
s e p a r a t i o n  o f  G r e a t  l a k e s  p o r t s ,  fin e x a m i n a t i o n  o f  t h e  
s t a n d a r d i z e d  c a n o n i c a l  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  o n  
F u n c t i o n  I  r e v e a l s  t h a t  t h e  v a r i a b l e  v a r i e t y  o f  c o m m e r c e  
(VfiBCCM) made  t h e  m o s t  s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  
d i s c r i m i n a n t  s c o r e s  o f  t h e  p o r t s  w i t h  t h e  o t h e r s  m a k i n g  
w e a k e r  c o n t r i b u t i o n s  ( T a b l e  4 ) .
T a b l e  4:
TONNAGE
VARCCE
FOREGO
ADMIN
S t a n d a r d i z e d  F u n c t i o n  C o e f f i c i e n t s ;  
G r o u p  1 9 6 6
D e v e l o p m e n t
F u n c t i o n  I
0 . 3 8 4 9  1 
0 - 8 1 0 9 1  
- 0 . 2 1 9 6 6  
0 - 2 3  109
F u n c t i o n  I I
- 0 - 8 1 4 1 1  
- 0 . 0 2 1 8 2  
1 - 4 8 2 2 8  
- C -  4 4 0 8 9
P o o l e d  w i t h i r  -  g r o u p s  c o r r e l a t i o n s  t e t w e e n  
d i s c r i m i n a t i n g  v a r i a b l e s  a n d  c a n o n i c a l  d i s c r i m i n a n t  
f u n c t i o n s  y i e l d  s i m i l a r  r e s u l t s -  V a r i e t y  o f  c o m m e r c e  
(VARCCM) i s  a g a i n  t h e  m o s t  s i g n i f i c a n t  o n  t h e  f i r s t  f u n c t i o n  
f o l l o w e d  b y  t o t a l  w e i g h t  o f  c a r g o e s  s h i p p e d  (TONNAGE)-  T y p e  
o f  p o r t  a d m i n i s t r a t i o n  (ADMIN) r a n k e d  t h i r d /  f o l l o w e d  b y  
t o t a l  t o n n a g e  o f  c a r g o e s  s h i p p e d  o v e r s e a s  (FCBEGO).
6 - 3  Gr o u p  C e n t r o i d s
Due t o  o v e r p r i n t i n g  o f  c a s e s  w h i c h  f a l l  c l o s e  t o  o n e  
a n o t h e r ,  n o t  a l l  c a s e s  a r e  d i s p l a y e d  o n  t h e  s c a t t e r p l o t s ,  
b u t  t h e  l o c a t i o n  o f  c a s e s  i s  i d e n t i f i e d  s u f f i c i e n t l y  c l o s e l y
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f o r  t h e  p a t t e r n s  t o  b e  i d e n t i f i e d -  E v a l u a t i o n  o f  t h e  
s c a t t e r p l c t s  s t i l l  o f f e r s  s o m e  i n s i g h t s  i n t o  t h e  a c c u r a c y  o f  
t h i s  new g r o u p i n g  o f  p o r t s .  Cn t n e  a l l - g r o u p s  s c a t t e r p l o t ,  
( F i g u r e  U ) , g r o u p  c e n t r o i d s  f c r  G r o u p  1 ,  a n d  G r o u p  2 p o r t s  
a r e  l o c a t e d  c l o s e  t o  e a c h  o t h e r .  T h e  c l o s e  p r o x i a i t y  n a y  
s u g g e s t  t h a t  t h e y  s h a r e  c h a r a c t e r i s t i c s  t h a t  d i f f e r  l i t t l e .  
G r o u p  3 p o r t s  a p p e a r  t o  b e  t e t t e r  s e p a r a t e d ,  h a v i n g  a m o r e  
i s o l a t e d  c e n t r o i d .  T h e  p o s s i b i l i t i e s  o f  m i s c l a s s i f y i n g  a  
m e m b e r  o f  t h i s  g r o u p  w o u l d  t h u s  a p p e a r  t o  b e  s m a l l e r  t h a n  
f o r  m e m b e r s  o f  t h e  o t h e r  g r c u p s -
C M C B I C i L  D I S C R I M I N A N T  P O M C T I O H  1 
0  - 2 . 0  . 0  2 . 0  « . 0 *.0 OUT 
—  - I
I  2 . 0
s
c
B
II)
I . 0II
P - 2. 00
1 1
11
11 •) 31 1 
3 )
31 1
- b . O  - B . 0  - 2 . 0  . 0  2 . 0  4 . 0  b .O  OUT
F i g u r e  h : A l l  G r o u p s  S c a t t e r p l o t :  D e v e l o p m e n t  G r o u p  1 9 6 6
An e v a l u a t i o n  o f  t h e  i n d i v i d u a l  g r o u p  s c a t t e r p l o t s  
r e v e a l s  t h a t  G r o u p  1 p o r t s  s e e n  t o  d i s p l a y  a  h i g h
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c o n c e n t r a t i o n  a r c u n d  t h e i r  c e n t r o i d  ( F i g u r e  5 ) ,  s u g g e s t i n g  
t h a t  m e m b e r s  o f  t h i s  g r o u p  h a v e  c h a r a c t e r i s t i c s  o f  s i m i l a r  
i n t e n s i t i e s .  T h e  s c a t t e r p l o t  f o r  G r o u p  2 r e v e a l s  a w e a k e r  
c o n c e n t r a t i o n  a b o u t  t h e  c e n t r o i d  a n d  n o  c l u s t e r i n g  c f  c a s e s  
a s  i n  G r o u p  1 .  T h i s  may s u g g e s t  c h a r a c t e r i s t i c s  o f  m o r e  
v a r i e d  i n t e n s i t i e s  ( F i g u r e  6) .  G r o u p  3 p o r t s  s e e m  t o  f o r m  
t w o  s e p a r a t e  p a t t e r n s  a b o u t  t h e i r  c e n t r o i d .  C n e  g r o u p  s e e m s  
t o  b e  c l u s t e r e d  j u s t  b e l o w  t h e  c e n t r o i d  a n d  t h e  o t h e r  
d i s p e r s e d  t o  t h e  r i g h t  o f  i t .  T h e s e  p a t t e r n s  i n  t u r n  may 
s u g g e s t  t w o  t y p e s  o f  p o r t s  w i t h i n  t h i s  g r o u p  ( F i c u r e  7 ) ,  
p o r t s  w i t h  c h a r a c t e r i s t i c s  c f  s i m i l a r  i n t e n s i t i e s ,  a r d  p o r t s  
w i t h  v e r y  d i f f e r e n t  i n t e n s i t i e s  o f  t h o s e  s a m e  
c h a r a c t e r i s t i c s .
- 2 . 0
C A N O N I C A L  D I S C k i n l M A M T  F U N C T I O N  1 
- 4 . 0  - 2 . 0  . 0  2 . 0  4 . 0
IIII
I
6.0 OUT
OUT - 6 . 0  - « . 0  - 2 . 0  . 0  2 . 0  4 . 0  6 . 0  OUT
F i g u r e  5 :  G r o u p  1 S c a t t e r p l o t :  D e v e l o p m e n t  G r o u p  1 9 6 6
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F i g u r e  6
F i g u r e  7
C M O a iC A l D I S C IIH B IB T  FUBCTlOi 1 
OPT - 6 . 0  - « . 0  - 2 . 0  . 0  2 . 0  « . 0  6 . 0  0
OOT
6 .0
6 .0
2 .0
- 6 .0
2
2
G r o u p  2 S c a t t e r p l o t :  D e v e l o p m e n t  G r o u p  1 9 6 6
- 6 .0
3
3
3
3
3 3 •
3 3 3
3 3
3 3 3
3 3
OOT - 6 . 0  - * . 0  - 2 . 0  . 0  2 . 0  6 . 0  6 . 0  OOT
G r o u p  3 S c a t t e r p l o t :  D e v e l o p m e n t  G r o u p  1 9 6 6
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6 . 4  C l a s s i f i c a t i o n  B e s u l t s :  D e v e l o p m e n t  G r o u p  1 9 6 6
T h e  f o u r  v a r i a b l e s  w h i c h  e m e r g e d  a s  s i g n i f i c a n t  f r o m  t h e  
1 9 6 6  a n a l y s i s  a s s i g n e d  s e v e n t y  p e r c e n t :  o f  t h e  p o r t s
c o r r e c t l y .  S e v e n t y - o n e  c a s e s  w e r e  a s s i g n e d  c o r r e c t l y  a n d  
t h i r t y - c n e  i n c o r r e c t l y  ( T a b l e  5 ) .
T a b l e  5 : C l a s s i f i c a t i o n  E e s u l t s :  D e v e l o p m e n t  Gr oup  1 9 6 6
A c t u a l  G r o u p
N u m b e r  o f  
C a s e s
E r e d i c t e d  G r o u p  Membe r  
1 2
s h i p
3
G r o u p  1 6 3 52  4 
8 2 . 5% 6 . 3 %
7
1 1 .  1%
G r o u p  2 15 11 3 
1 3 . 3 %  2 0 . 0 %
1
6 . 7 %
G r o u p  3 24 8 0 
3 3 - 3 % 0 . 0 %
16
6 6 . 7 %
P e r c e n t  o f  " g r o u p e d "  c a s e s  c o r r e c t l y  c l a s s i f i e d :  6 9 . 6 1 %
T h e  d i a g o n a l s  i n  T a b l e  5 r e p r e s e n t  t h e  c o r r e c t  c a s e s  f o r  
e a c h  g r o u p .  G r o u p  1 p o r t s  w e r e  c c r r e c t l y  a s s i g n e d  8 2 . 5  
p e r c e n t  o f  t h e  t i m e ;  G r o u p  2 p o r t s  o n l y  2 0  p e r c e n t  o f  t h e  
t i m e -  I n  m o s t  c a s e s  G r o u p  2 p o r t s  w e r e  a s s i g n e d  t o  G r o u p  1 .  
G r o u p  3 p o r t s  w e r e  c o r r e c t l y  a s s i g n e d  6 6 . 7  p e r c e n t  o f  t h e  
t i m e .
6 . 5  C r o s s v a l i d a t i o n  G r o u p  1 9 6 6 :  An I n i t i a l  A s s e s s m e n t
T h e  3 3  p o r t s  i n  t h i s  g r o u p  w e r e  r e - a s s i c n e d  t o  a  c l a s s  
b a s e d  o n  t h e  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f r o m  t h e  
d e v e l o p m e n t  g r o u p ,  ( T a b l e  6 ) ,  a n d  t h e n  s u b j e c t e d  t o  
d i s c r i m i n a n t  a n a l y s i s -
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T a b l e  6 ; D i s c r i m i n a n t  F u n c t i o n  C o e f f i c e n t s :  D e v e l o p m e n t
G r o u p  1966
CLASS = 1  2 3
{TONNAGE) - 0 , 0 2 3 0 6 6 6 4 D - 07  - 0 -  1 3 3 5 7 0 8 D - 0 6  0 - 4 7 3 7 6 3 9 D - 0 7
(VABCCM) 4- 1 3 9 6 0 2  3 - 8 7 2 5 1 2  6 - 9 0 0 0 6 1
(FOBEGO) - 0 . 8 1 6 0 6 5 2 D - 06  0 . 1 8 3 0 8 4 0 D - 06 - 0 . 8 6 1 1 S 4 D - 0 6
(ADMIN) 2 - 0 3 0 5 1 6  1 . 4 3 3 8 7  2 . 4 6 3 9 4 3
(CONSTANT) - 4 . 7 5 2 4 7 1  - 4 . 0 5 7 6 9 7  - 1 0 . 1 9 0 4 8
C n e e  a g a i n  t w o  f u n c t i o n s  w e r e  g e n e r a t e d .  F u n c t i o n  I  
a c c o u n t e d  f o r  9 2 - 9 3  p e r c e n t  o f  t h e  v a r i a n c e  c o m p a r e d  t o  
F u n c t i o n  I I  w h i c h  a c c o u n t e d  f o r  7 - 0 7  p e r c e n t .
W i l k s ' s  L a m b d a  f o r  t h e  g r o u p s  o f  p o r t s  on  F u n c t i o n  I  was  
0 . 1 2 9 5 6 5 6 ,  i n d i c a t i n g  s i g n i f i c a n t  d i f f e r e n c e s  i n  g r o u p  m e a n s  
( T a b l e  7 ) .  On F u n c t i o n  I I ,  l a m b d a  w a s  0 - 7 3 7 0 7 2 0 ,  i n d i c a t i n g  
l e s s  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  g r o u p  m e a n s -  T h e s e  
r e s u l t s  a r e  s i m i l a r  t o  t h o s e  f r o m  t h e  d e v e l o p m e n t  g r o u p .
T a b l e  7 :  C a n o n i c a l  D i s c r i m i n a n t  F u n c t i o n s ; :  C r o s s v a l i d a t i c n
G r o u p  1966
P e r c e n t  o f  C u m u l a t i v e  
F u n c t i o n  V a r i a n c e  P e r c e n t  W i l k s ' s  L a mb d a
1 9 2 . 9 3  9 2 . 9 3  0 -  1 2 9 5 6 5 6
2 7 . 0 7  1 0 0 . 0 0  0 . 7 3 7 0 7 2 0
6 . 6  F u n c t i o n s  a n d  V a r i a b l e s
E x a m i n a t i o n  o f  t h e  s t a n d a r d i z e d  c a n o n i c a l  d i s c r i m i n a n t  
f u n c t i o n  c o e f f i c i e n t s  r e v e a l s  t h a t  o n  F u n c t i o n  I  t h e  
v a r i a b l e  (VABCOM) o n c e  m o r e  w a s  m o s t  i m p o r t a n t ,  m a k i n g  t h e  
g r e a t e s t  c o n t r i b u t i o n  t o  t h e  d i s c r i m i n a n t  s c o r e s  f o r  e a c h  
p o r t ,  t h e  t h r e e  r e m a i n i n g  v a r i a b l e s  m a k i n g  s i g n i f i c a n t l y  
w e a k e r  c o n t r i b u t i o n s  ( T a b l e  8 ) -
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T a b l e  8 : S t a n d a r d i z e d F u n c t i o n C o e f f i c i e n t s :
C r o s s v a l i d a t i o n  G r o u p  1966
F u n c t i o n  I F u n c t i o n  I I
(TONNSGE)
(VABCCM)
(FOBEGO)
(ADMIN)
- 0 . 0 4 9 3 7  
0 . 9 9 2 6 6  
- 0 . 0 1 7 4 5  
0 . 1 4 5 8 4
0 . 6 8 4 3 6  
0 . 0 6 0 7 2  
- 1 - 1 7 5 3 1  
0 . 5 2 2 2 7
P o o l e d  w i t h i n - g r o u p s  c o r r e l a t i o n s  b e t w e e n  d i s c r i n i n a t i n g  
v a r i a b l e s  a n d  c a n o n i c a l  d i s c r i m i n a n t  f u n c t i o n s  r e v e a l e d  
s i m i l a r  r e s u l t s .  Cn F u n c t i o n  I ,  (VABCOM) w a s  o n c e  m e r e  m o s t  
s i g n i f i c a n t  f o l l o w e d  b y  (FCBEGC) ,  (TCNNAGE) ,  a n d  ( AD KI N) .
6 . 7  G r o u p  C e n t r o i d s
R e v i e w  o f  t h e  g e n e r a t e d  a l l  g r o u p s  s c a t t e r p l o t s  r e v e a l s  
p a t t e r n s  s i m i l a r  t o  t h o s e  f r o m  t h e  a n a l y s i s  f o r  t h e  
d e v e l o p m e n t  g r o u p .  P o r t s  i n  G r o u p  1 t e n d  t o  t e  m o r e  
c l u s t e r e d  a b o u t  t h e i r  c e n t r o i d ,  a n d  e a c h  o t h e r .  G r o u p  2 
p o r t s  s h o w  a  w e a k  c o n c e n t r a t i o n  a b o u t  t h e i r  c e n t r o i d  b u t  a r e  
c l o s e r  t o  m e m b e r s  o f  G r o u p  1 t h a n  G r o u p  3 .  G r o u p  3 p o r t s  
s e e m  t o  b e  m o r e  d i s p e r s e d  w i t h  n o  c o n c e n t r a t i o n s  a r o u n d
t h e i r  c e n t r o i d .  T h e s e  o b s e r v a t i o n s  may s u g g e s t  t h a t  G r o u p  1
a n d  2 p o r t s  o n c e  a g a i n  may s h a r e  c h a r a c t e r i s t i c s  o f  s i m i l a r
i n t e n s i t i e s  w h i l e  G r o u p  3 p o r t s  w o u l d  a p p e a r  t o  h a v e  m o r e  
v a r i a t i o n s  i n  t h e  i n t e n s i t i e s  o f  t h e i r  c h a r a c t e r i s t i c s  
( F i g u r e  8 ) .
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2.0 V.O 6.0
A l l  G r o u p s  S c a t t e r p l o t :  C r o s s v a l i d a t i o r  G r o u p
1 9 6 6
6 . 8  C l a s s i f i c a t i o n  B e s u l t s :  C r o s s v a l i d a t i o n  G r o u p  1966
T h e  r e s u l t s  o f  t h i s  c l a s s i f i c a t i o n  a r e  a n  i a p i o v e a e n t  
o v e r  t h o s e  o f  t h e  d e v e l o p a e n t  g r o u p .  G r o u p  1 p o r t s  v e r e  
c o r r e c t l y  a s s i g n e d  1 0 0  p e r c e n t  o f  t h e  t i n e .  G r o u p  2 p o r t s  
v e r e  s t i l l  i n c o r r e c t l y  a s s i g n e d  t o  G r o u p  1 a  s i g n i f i c a n t  
p r o p o r t i o n  o f  t h e  t i n e ,  a n d  c o r r e c t l y  a s s i g n e d  o r l y  3 3 . 3  
p e r c e n t  o f  t h e  t i m e .  N o t e  h o w e v e r  t h e r e  w e r e  o n l y  3 c a s e s  i n  
G r o u p  2 .  G r o u p  3 p o r t s  w e r e  c o r r e c t l y  a s s i g n e d  8 5 . 7  p e r c e n t  
o f  t h e  t i m e .  O v e r a l l ,  9 0 . 9 1  p e r c e n t  o f  t h e  p o r t s  w e r e  
c o r r e c t l y  a s s i g n e d  ' T a f c l e  9 ) .
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T a b l e  9 : C l a s s i f i c a t i o n  R e s u l t s :  C r o s s v a l i d a t i o n  G r c u p  1 9 6 6
N u m b e r  o f  P r e d i c t e d  G r o u p  M e m b e r s h i p
A c t u a l  G r o u p  C a s e s  1 2  3
G r o u p  1 2 3  23  0 0
I C O . 0055 0 . 0 %  0 . 0 %
G r o u p  2 3 2 1 0
6 7 . 7  3 3 . 3 %  0 . 0 %
G r o u p  3 7 0 1 6
0 . 0 %  1 4 . 3 %  8 5 . 7 %
P e r c e n t  o f  ' • g r o u p e d 11 c a s e s  c o r r e c t l y  c l a s s i f i e d :  9 0 . 9 1 %
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C h a p t e r  V I I  
ANALYS I S  OF GREAT LAKES PORT S 1 9 84
7 . 1  An I n i t i a l  A s s e s s m e n t :  T h e  D e v e l o p m e n t  G r o u p  1 9 8 4
Of t h e  t w o  f u n c t i o n s  g e n e r a t e d  i n  t h e  a n a l y s i s  c f  1984  
d a t a ,  F u n c t i o n  I  a c c o u n t e d  f o r  9 8 . 4 8  p e r c e n t  o f  t h e  v a r i a n c e  
c o m p a r e d  t o  F u n c t i o n  I I  w h i c h  a c c o u n t e d  f o r  o n l y  1 - 5 2  
p e r c e n t -  T h e  d o m i n a n c e  o f  F u n c t i o n  I  s u g g e s t s  t h a t  i t  h e  
f u r t h e r  e x a m i n e d ;  F u n c t i o n  I I  a p p e a r s  t o  b e  i n s i g n i f i c a n t ,  
a n d  d o e s  n o t  m e e t  t h e  50% o f  t h e  F u n c t i o n  I  r e q u i r e m e n t  f o r  
c o n s i d e r a t i o n .
E x a m i n a t i o n  o f  H i l k s * s  L a m b d a  f o r  t h e  t w o  f u n c t i o n s  
s u p p o r t s  t h i s  d e c i s i o n .  F u n c t i o n  I  h a s  v a l u e s  w h i c h  a r e  i n  
t h e  m i d d l e  r a n g e  o f  H i l k s ’ s  L a m b d a  v a l u e s ,  0 - 5 9 0 3 7 7 8 -  
F u n c t i o n  I I  h a s  v a l u e s  w h i c h  a r e  a l m o s t  e q u a l  t o  o n e ,
0 - 9  8 9 6 5 7 8 -  T h i s  s u g g e s t s  t h a t  g r o u p s  a r e  b e t t e r  s e p a r a t e d  o n  
F u n c t i o n  I  a n d  we a r e  l e s s  l i k e l y  t o  i n c o r r e c t l y  a s s i g n  
c a s e s  u s i n g  t h i s  f u n c t i o n  t h a n  o n  F u n c t i o n  I I  [ T a b l e  1 0 ) .
T a b l e  1 0 :
F u n c t i o n
1
2
C a n o n i c a l  D i s c r i m i n a n t  
G r o u p  1 9 8 4
P e r c e n t  o f  
V a r i a n c e
9 8 . 4 8
1 - 5 2
C u m u l a t i v e
P e r c e n t
9 8 - 4 8  
1 0 0 - 0 0
F u n c t i o n s :  D e v e l o p m e n t
V i l k s * s  L a m b d a
0 . 5 9 0 3 7 7 8  
0 . 9 8 9 6 5 7 8
-  3 9  -
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7 , 2 F u n c t i o n s  a n d  V a r i a b l e s
I n  t h e  1 9 8 4  d a t a ,  f o u r  v a r i a b l e s  w e r e  e f f e c t i v e  i n
s e p a r a t i n g  G r e a t  L a k e s  p o r t s .  An e x a m i n a t i o n  o f  t h e  
s t a n d a r d i z e d  c a n o n i c a l  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  
r e v e a l s  t h a t  o n  F u n c t i o n  I ,  v a r i e t y  o f  c o m m e r c e  (VABCOM) 
ma d e  t h e  m o s t  s i g n i f i c a n t  c o n t r i t u t i c n  t o  t h e  d i s c r i m i n a n t  
s c o r e  f o r  e a c h  p o r t .  F o l l o w i n g  i n  s i g n i f i c a n c e  w e r e  t h e  
v a r i a b l e s  t y p e  o f  p o r t  a d m i n i s t r a t i o n  (ADKIN) ,  a n d  o v e r s e a s
b o u n d  c a r g o e s  (FCBEGO) .  T h e  w e a k e s t  w a s  t h e  v a r i a b l e
(DEPDCCK) ,  w a t e r  d e p t h  a t  d c c k s i d e  ( T a b l e  1 1 ) -
T a b l e  1 1 : S t a n d a r d i z e d  F u n c t i o n  
G r o u p  1 9 8 4
F u n c t i o n  I
C o e f f i c i e n t s :  D e v e l o p m e n t
F u n c t i o n  I I
(FOBEGO)
(VABCCM)
(DEPDCCK)
(ADMIK)
0 . 3 1 0 4 0  
0 . 7 6 3 8 6  
- 0 . 5 5 5 1 9  
0 . 4 3 9 6 6
0 . 3 3 S 3 3
- 0 . 8 5 3 7 6
0 . 1 2 9 0 9
0 . 9 5 0 7 3
On t h e  p o o l e d  w i t h i n  -  g r o u p s  c o r r e l a t i o n s  b e t w e e n  
d i s c r i m i n a t i n g  v a r i a b l e s  a n d  c a n o n i c a l  d i s c r i m i n a n t  
f u n c t i o n s ,  (VABCCM) i s  a g a i n  t h e  m o s t  s i g n i f i c a n t  o n  t h e  
f i r s t  f u n c t i o n -  T y p e  o f  p o r t  a d m i n i s t r a t i o n  (ADMIN) i s  
s e c o n d  m o s t  s i g n i f i c a n t .  T h e  v a r i a b l e  i n b o u n d  c a r g o e s  (INGC) 
i s  t h i r d ,  f o l l o w e d  c l o s e l y  b y  t h e  t o t a l  w e i g h t  o f  c a r g o e s
s h i p p e d  (TONNAGE).
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7 . 3  G r o u p  C e n t r o i d s
E v a l u a t i o n  o f  t h e  a l l - g r o u p s  s c a t t e r p l o t  { F i g u r e  9 ) ,  
s h o w s  t h a t  c e n t r o i d s  f o r  G r o u p  1 p o r t s  a n d  G r o u p  2 p o r t s  a r e  
l o c a t e d  c l o s e  t o  e a c h  o t h e r -  T h e  c l o s e  p r o x i m i t y  c f  c a s e s  
f r o m  b o t h  g r o u p s  may s u g g e s t  s o m e  d i f f i c u l t y  i n  a s s i g n i n g  a 
p a r t i c u l a r  c a s e  t o  i t s  c o r r e c t  g r o u p -  G r o u p  3 p o r t s  a p p e a r  
t o  b e  b e t t e r  s e p a r a t e d  f r o m  t h e  m e m b e r s  o f  t h e  o t h e r  g r o u p s .  
T h e  p o s s i b i l i t i e s  o f  i n c o r r e c t l y  c l a s s i f y i n g  a  m e m b e r  o f
t h i s  g r o u p  w o u l d  t h u s  a p p e a r  t o  b e  s m a l l e r .
E v a l u a t i o n  o f  t h e  i n d i v i d u a l  s c a t t e r p l o t s  r e v e a l s  t h a t
G r o u p  1 p o r t s  d i s p l a y  t h e  g r e a t e s t  c o n c e n t r a t i o n  a r o u n d  
t h e i r  c e n t r o i d  { F i g u r e  1 0 ) .  T h i s  s u g g e s t s  t h a t  t h e  m e m b e r s  
o f  t h i s  g r o u p  h a v e  c h a r a c t e r i s t i c s  t h a t  d i f f e r  l i t t l e -  T h e  
s c a t t e r p l o t  f o r  G r o u p  2 r e v e a l s  a s i m i l a r  c o n c e n t r a t i o n  c f  
g r o u p  m e m b e r s  a r o u n d  t h e i r  c e n t r o i d ,  t h o u g h  i t  i s  n o t  a s
g r e a t ,  s u g g e s t i n g  t h a t  t h e s e  p o r t s  v a r y  m o r e  o n  t h e  n o t e d  
c h a r a c t e r i s t i c s  { F i g u r e  1 1 ) .  G r o u p  3 p o r t s  a p p e a r  t o  b e  
s c a t t e r e d  w i t h  a  w e a k e r  c o n c e n t r a t i o n  a r o u n d  t h e i r  c e n t r o i d -  
T h i s  p a t t e r n  may s u g g e s t  t h a t  t h e s e  p c r t s  v a r y  m o s t  i n  t h e i r  
c h a r a c t e r i s t i c s  { F i g u r e  1 2 ) .
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7 . 4  D e v e l o p m e n t  G r o u p :  C l a s s i f i c a t i o n  B e s u l t s  1 9 8 4
T h e  9 5  p o r t s  i n  t h i s  g r o u p  w e r e  t h e n  g r o u p e d  u s i n g  t h e  
s t a n d a r d i z e d  c a n o n i c a l  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  
a n d  c o m p a r e d  t o  t h e  o r i g i n a l  g r o u p i n g -  A p p r o x i m a t e l y  f i f t y -  
t w o  p e r c e n t ,  f i f t y  p o r t s ,  w e r e  a s s i g n e d  c o r r e c t l y  a n d  
a p p r o x i m a t e l y  f o r t y - s e v e n  p e r c e n t ,  o r  f o r t y - f i v e ,  
i n c o r r e c t l y  ( T a b l e  1 2 ) .
T a b l e  1 2 ;  C l a s s i f i c a t i o n  B e s u l t s :  D e v e l o p m e n t  G r o u p  1 9 8 4
N u m b e r  o f  P r e d i c t e d  G r o u p  M e m b e r s h i p  
A c t u a l  G r o u p  C a s e s  1 2  3
G r o u p  1 6 7  3 5  2 6  6
5 2 . 2% 3 8 . 8X 9 .  OX
G r o u p  2 9 5 4 0
5 5 .  6 4 4 . 4 S  0 - 0 X
G r o u p  3 19 6 2 11
3 1 .  6X 1 0 . 5% 5 7 . 9X
P e r c e n t  o f  " g r o u p e d "  c a s e s  c o r r e c t l y  c l a s s i f i e d :  5 2 - € 3 %
T h e  d i a g o n a l s  i n  T a b l e  12 r e p r e s e n t  t h e  c o r r e c t  c a s e s  f o r  
e a c h  g r o u p .  G r o u p  1 p o r t s  w e r e  c o r r e c t l y  a s s i g n e d  5 2 - 2  
p e r c e n t  o f  t h e  t i m e ,  G r o u p  2 p o r t s  4 4 . 4  p e r c e n t ,  a n d  G r o u p  3 
p o r t s  5 7 . 9  p e r c e n t .
7 . 5  C r o s s v a l i d a t i o n  G r o u p  1 9 8 4
T h e  3 1  c a s e s  i n  t h i s  g r o u p  w e r e  r e - a s s i c n e d  t o  a  c l a s s  
b a s e d  u p o n  t h e  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  g e n e r a t e d
f r o m  t h e  d e v e l o p m e n t  g r o u p ,  { T a b l e  1 3 ) ,  a n d  t h e n  s u b j e c t e d
t o  d i s c r i m i n a n t  a n a l y s i s .
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T a b l e  1 3 : D i s c r i m i n a n t  F u n c t i o n  C o e f f i c i e n t s :
C r o s s v a l i d a t i o n  G r o u p  1984
CLASS = 1  2 3
(FOBEGO) - 0 . 6 8 7 3 2 2 5 D - 0 6  - 0 . 6 4 5 3 1 4 3 D - 0 6  - 0 . 3 2 7 4 5 9 9 D - 0 6
(VABCCM) 3 . 7 0 0 0 4 5  2 . 7 5 1 4 2 1  7 . 1 9 4 1 5 2
{DEPDCCK) 0 .  1 6 5 6 6 7 4 D - 0 1  0 .  17 1 92 8  1 D - 01 0 .  1 0 9 0 1 C 7 D - 0 1
(ADMIN) 0 .  1 3 9 8 8 8 0  0 . 5 1 7 1 0 5 1  1 . 4 4 5 6 1 S
(CONSTANT) - 8 . 7 4 1 8 5 7  - 8 . 7 7 5 7 4 5  - 1 2 . 7 3 0 8 4
Of t h e  t w o  f u n c t i o n s  g e n e r a t e d ,  F u n c t i o n  I  a c c o u n t e d  f o r  
a p p r o x i m a t e l y  6 8 . CS p e r c e n t  o f  t h e  v a r i a n c e ,  c o m p a r e d  t o  
F u n c t i o n  I I  w h i c h  a c c o u n t e d  f o r  t h e  r e m a i n i n g  3 1 . 9 2  p e r c e n t .
W i l k s ’ s  L a m b d a  f o r  t h e  g r o u p s  o f  p o r t s  o n  F u n c t i o n  I  wa s  
0 . 0 9 8 2 3 1 3 ,  i n d i c a t i n g  s i g n i f i c a n t  d i f f e r e n c e s  i n  g r o u p  
m e a n s -  Gn F u n c t i o n  I I  l a m b d a  w as  0 . 4 0 5 4 6 0 5  ( T a b l e  1 4 ) ,  
s u g g e s t i n g  a g a i n  t h a t  we a r e  l e s s  l i k e l y  t o  m i s t a k e  g r o u p s  
on  F u n c t i o n  I .
T a b l e  1 4 : C a n o n i c a l  D i s c r i m i n a n t  F u n c t i o n  C o e f f i c i e n t s :
C r o s s v a l i d a t i o n  G r o u p  1 9 8 4
P e r c e n t  o f  C u m u l a t i v e  
F u n c t i o n  V a r i a n c e  P e r c e n t  W i l k s ' s  L a mb d a
1 6 8 . 0 8  6 8 . 0 8  0 . 0 9 8 2 3 1 3
2 3 1 . 9 2  1 0 0 . 0 0  0 . 4 0 5 4 6 0 5
7 . 6  F u n c t i o n s  a n d  V a r i a b l e s
B e v i e w  o f  t h e  s t a n d a r d i z e d  c a n o n i c a l  d i s c r i m i n a n t  
f u n c t i o n  c o e f f i c i e n t s  r e v e a l s  t h a t  t w o  v a r i a b l e s  ma de  
s i g n i f i c a n t  c o n t r i b u t i o n s  t c  t h e  d i s c r i m i n a n t  s c o r e s  o f  t h e  
p o r t  i n  t h i s  g r o u p :  (VABCOM) a n d  FCBEGO) .  T h e  o t h e r  t w o
v a r i a b l e s  m a d e  s i g n i f i c a n t l y  w e a k e r  c o n t r i b u t i o n s  ( T a b l e  
15) .
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T a b l e  1 5 : S t a n d a r d i z e d
C r o s s v a l i d a t i
F u n c t i o n  
on  G r o u p  1984
C o e f f  i c i e n t s
F u n c t i o n  I F u n c t i o n  I I
(FOREGO)
(VABCCM)
(DEPDCCK)
(ADMIN)
0 . 5 0 5 0 9  
1 . 0 4 0 4  1 
- 0 - £ 5 8 5 9  
0 . 1 7 8 5 5
0 . 1 3 8 0 4  
0 . 3 6 5 8 7  
0 - 5 3 4 5 7  
0 . 9 6 4 6 2
P o o l e d  w i t h i n  g r o u p  c o r r e l a t i o n s  show a s i m i l a r  p a t t e r n .  
On F u n c t i o n  I ,  t h e  v a r i a h l e  (VABCOtS) w a s  m o s t  s i g n i f i c a n t  
w i t h  (FOREGO) s e c o n d  i n  i m p o r t a n c e ,  f o l l o w e d  by  (ADMIN) ,  a n d  
(DEPDCCK) -
7 - 7  G r o u p  C e n t r o i d s :  C r o s s v a l i d a t i o n  G r o u p
R e v i e w  o f  t h e  g e n e r a t e d  s c a t t e r p l o t s  f o r  t h e  3 g r o u p s  o f  
p o r t s  r e v e a l s  p a t t e r n s  s i m i l a r  t c  t h e s e  o f  t h e  d e v e l o p m e n t  
g r o u p  w i t h  a  g r e a t e r  s e p a r a t i o n  c f  g r o u p  c e n t r o i d s .  P o r t s  i n  
G r o u p s  1 a n d  2 t e n d  t o  b e  c l o s e r  t o  o n e  a n o t h e r  w t i l e  t h e  
m e m b e r s  o f  G r o u p  3 s e e m  t o  b e  m o r e  s e p a r a t e d  f r o m  t h e  o t h e r  
g r o u p s .  G r o u p s  1 a n d  2 a l s o  d i s p l a y  m o r e  c l u s t e r i n g  a r c u n d  
t h e i r  c e n t r o i d s  t h a n  G r o u p  3 ( F i g u r e  1 3 ) .
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F i g u r e  1 3 : a l l  G r o u p s  S c a t t e r p l o t :  C r o s s v a l i d a t i o c  G r o u p
1 9 0 4
7 . 8  C l a s s i f i c a t i o n  B e s u l t s :  C r o s s v a l i d a t i o n  G r o u p  1 9 84
T h e  r e s u l t s  o f  t h e  c l a s s i f i c a t i o n  s e e n  t c  c o n f i r m  t h e
o b s e r v a t i o n s  m a d e  a b o v e .  G r o u p  1 p o r t s  w e r e  n e v e r
i n c o r r e c t l y  a s s i g n e d  t o  G r o u p  2 ,  t h c u g h  a p p e a r i n g  c l o s e r  t o  
t h e m  a s  a  g r o u p  o n  t h e  s c a t t e r p l o t .  B a r e l y  w e r e  t h e y  
a s s i g n e d  t o  G r o u p  3 .  G r o u p  2 p o r t s  a p p e a r i n g  c l o s e r  t o  G r o u p  
1 w e r e  a l w a y s  c o r r e c t l y  a s s i g n e d ,  a s  w e r e  G r o u p  3 p o r t s .
T h e  p e r c e n t  o f  c a s e s  c o r r e c t l y  a s s i g n e d  o v e r a l l  b y  t h e  
d i s c r i m i n a n t  f u n c t i o n  c o e f f i e n t s  w a s  a n  i m p r e s s i v e  9 6 . 7 7  
p e r c e n t .  O n l y  1 c a s e  o u t  o f  31  w a s  i n c o r r e c t l y  a s s i g n e d  
J T a t l e  1 6 )  .
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T a b l e  1 6 : C l a s s i f i c a t i o n  B e s u l t s ;  C r o s s v a l i d a t i o r  G r o u p
1 98 4
N u m b e r  o f  F r e d i c t e d  G r o u p  M e m b e r s h i p  
A c t u a l  G r o u p  C a s e s  1 2  3
G r o u p  1 17 16 0 1
9 4 - 1 %  0 . 0 %  5-9%%
G r o u p  2 9 0 9 0
0 - 0% 1 0 0 - 0 0 % 0 . 0 %
G r o u p  3 5 0 0 5
0 . 0% 0 - 0 % 1 00 - 0 0 %
P e r c e n t  o f  " g r o u p e d "  c a s e s  c o r r e c t l y  c l a s s i f i e d :  9 6 . 7 7 %
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C h a p t e r  V I I I  
DISCBI HI NANT ANALYSI S I K  PORT CLAS S I F I C A T I O N ;
COKCLPSIOMS
T h e  a n a l y s e s  c o n d u c t e d  s h o v e d  d i f f e r e n c e s  f r o m  p r e v i o u s  
p o r t  c l a s s i f i c a t i o n s ,  i n c l u d i n g  R o e m e r * s .  I n  t i e  1 9 6 6  
a n a l y s i s  o f  t h e  d e v e l o p m e n t  g r o u p  s a m p l e ,  3 0  p e r c e n t  o f  t h e  
p o r t s  w e r e  i n c o r r e c t l y  a s s i g n e d ;  i n  t h e  1 9 8 4  a n a l y s i s ,  47  
p e r c e n t .  S u c h  l a r g e  d i f f e r e n c e s  s u g g e s t  t h a t  t h e  v a r i a b l e s  
u s e d  i n  t h e  o r i g i n a l  g r o u p i n g s  ( E o e m e r ' s )  w e r e  i n a p p r o p r i a t e  
o r  t h a t  t h e  g r o u p i n g  p r o c e d u r e s  w e r e  i m p r e c i s e .  T h e s e  t w o  
i s s u e s  w i l l  now b e  a d d r e s s e d .
8 . 1  T h e  n a t u r e  o f  D i s c r i m i n a t i n g  V a r i a b l e s
F o r  t h e  t w o  y e a r s  o f  t h i s  s t u d y ,  f i v e  v a r i a b l e s  w e r e  
f o u n d  t o  d i s c r i m i n a t e  w e l l  b e t w e e n  g r o u p s  o f  p o r t s  ( T a b l e  
1 7 ) .  T h r o u g h  t h e  e x a m i n a t i o n  o f  t h e s e  v a r i a b l e s  a n d  t h o s e  
n o t  i d e n t i f i e d  i n  t h e  a n a l y s e s  a s  s i g n i f i c a n t ,  a  n u m b e r  
o b s e r v a t i o n s  c o n c e r n i n g  t h e  n a t u r e  o f  G r e a t  l a k e s  p c r t s  c a n  
b e  m a d e .
T h r e e  o f  t h e s e  f i v e  v a r i a b l e s  w e r e  r e l a t e d  t o  c o m m o d i t i e s  
h a n d l e d  a n d  3 w e r e  c ommo n  t o  b o t h  s t u d y  y e a r s .  (TCHNAGE) ,  
t h o u g h  i d e n t i f i e d  i n  t h e  l i t e r a t u r e  a s  m i s l e a d i n g  w i t h  
r e s p e c t  t o  t h e  s t a t u s  c f  p o r t s  ( B i r d  1 9 7 1 ) ,  p r o v e d  t o  b e  a
-  4 9  -
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V a r i a b l e s  S i g n i f i c a n t  I n  P o r t  C l a s s i f i c a t i o n  
V a r i a b l e s
1 5 6 6  (VABCCH),  (TCNNAGE),  (ADMIN) ,  {FOREGO)
1984  (VABCCM),  ( FCREGO) ,  ( ADMIN) ,  (DEPDOCK)
g o o d  d i s c r i m i n a t o r  w h e n  c o m b i n e d  w i t h  e t h e r  v a r i a b l e s  i n  
1 9 6 6 .  I n  1 9 8 4 ,  t h i s  v a r i a b l e  w a s  r e p l a c e d  b y  w a t e r  d e p t h  a t  
d o c k s i d e ,  (DEPDCCK) .  An o b s e r v a t i o n  c a n  h o w e v e r  b e  m ad e  
c o n c e r n i n g  t h e s e  t w o  v a r i a b l e s .  P o r t s  w i t h  t h e  g r e a t e s t  
w a t e r  d e p t h s  a t  d o c k s i d e  w i l l  b e  c a l l e d  o n  b y  l a r g e r  v e s s e l s  
c a r r y i n g  g r e a t e r  t o n n a g e s  t h a n  p o r t s  w i t h  m o r e  l i m i t e d  s h i p  
a c c o m m o d a t i o n s .  E o r t s  h a n d l i n g  t h e  l a r g e s t  v e s s e l s  w i l l  
g e n e r a l l y  h a n d l e  g r e a t e r  t e n n a g e s .  O ne  may  t h e r e f o r e  s a y  
t h a t  t h e  v a r i a b l e  (TCNNAGE) h a s  n o t  d i s a p p e a r e d  f r o m  t h e  
a n a l y s i s  i n  1 9 8 4  b u t  i s  p e r h a p s  r e p r e s e n t e d  i n  t h e  v a r i a b l e ,  
( DEPDCCK) ,  y e t  t h e  c o r r e l a t i o n s  b e t w e e n  t h e s e  t w o  v a r i a b l e s  
a r e  g u i t e  l o w  ( 1 9 6 6  ( 0 . 3 1 5 3 1 ) ,  1 9 8 4  ( 0 . 3 8 7 4 7 )  i n  A p p e n d i x
D).
T h e  v a r i a b l e  (ADMIN) g e n e r a l l y  r e f l e c t s  t h e  i m p o r t a n c e  o f  
p o r t s .  P o r t s  w i t h  t h e  g r e a t e r  v a r i e t y  c f  c o m m e r c e  a n d  
g r e a t e r  t o n n a g e s  o f  c a r g o e s  s h i p p e d  t e n d  t o  h a v e  l o c a l  
a d m i n i s t r a t i v e  t o d i e s .  G r o u p  1 p o r t s  w o u l d  p r e d o m i n a n t l y  b e  
a d m i n i s t e r e d  by  p r i v a t e  c o m p a n i e s ,  s t a t e  g o v e r n m e n t  i n  t h e  
U . S .  a n d  t h e  F e d e r a l  g o v e r n m e n t  i n  C a n a d a -  G r o u p  2 p o r t s  
w h i l e  s t i l l  a d m i n i s t e r e d  b y  s t a t e  a n d  F e d e r a l  g o v e r n m e n t s  
h a d  s o m e  c a s e s  o f  l o c a l  a d m i n i s t r a t i o n .
T a b l e  1 7 :  
V e a r
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T h e  v a r i a b l e  (FOREGO) w a s  t h e  w e a k e s t  d i s c r i m i n a t o r
i d e n t i f i e d  i n  1 9 6 6 ,  a n d  t h e  s e c o n d  g r e a t e s t  c o n t r i b u t o r  t o  
t h e  d i s c r i m i n a n t  s c o r e s  f o r  p o r t s  i n  1 9 8 4 -  I t  s e e m s  t o  
r e a f f i r m  t h e  i m p o r t a n c e  o f  i n t e r n a t i o n a l  ( o v e r s e a s )  t r a d e  a s  
a  m e a s u r e  o f  p o r t  s t a t u s ,  a s  ma de  i n  t h e  l i t e r a t u r e .
V a r i a b l e s  n o t  f o u n d  s i g n i f i c a n t  i n  t h e  a n a l y s i s  a l l o w
o t h e r  o b s e r v a t i o n s  t o  b e  made  c o n c e r n i n g  G r e a t  L a k e s  p o r t s ,  
a n d  p e r h a p s  p o r t s  i n  g e n e r a l .  T h e  n u m b e r  o f  v e s s e l  t r a n s i t s  
t h r o u g h  a  p o r t  (TRANSITS)  was  f o u n d  t o  b e  i n s i g n i f i c a n t  i n  
d i s c r i m i n a t i n g  a m o n g  p o r t s ,  a s  s u g g e s t e d  i n  t h e  l i t e r a t u r e .  
F e r r y  p o r t s  w o u l d  f o r  e x a m p l e  h a v e  a  d i s p r o p o r t i o n a t e  n u m b e r  
o f  t r a n s i t s  c o m p a r e d  t o  t h e i r  t o t a l  t o n n a g e  o f  c a r g o e s
s h i p p e d .  When c o m p a r e d  w i t h  o t h e r  p o r t s  o f  s i m i l a r
c h a r a c t e r i s t i c s  t h e  v a r i a b l e s  i n b o u n d  c a r g o e s  ( I N G O ) ,
o u t b o u n d  c a r g o e s  (OUTGO), a n d  c o a s t w i s e  b o u n d  c a r g o e s
(COASTGO) w e r e  a l l  e x c l u d e d  f r o m  t h e  f u n c t i o n s .  The
d i f f e r e n c e s  o r  s i m i l a r i t i e s  b e t w e e n  p o r t s  o n  t h e s e  v a r i a b l e s  
d i d  n o t  a s s i s t  i n  a s s i g n m e n t  t o  c l a s s e s .  T h i s  may h a v e  b e e n  
d u e  t o  t h e  l a r g e  n u m b e r  o f  p o r t s ,  ma ny  o n e  c o m m o d i t y ,  w h i c h  
s e e m  t o  h a v e  p r e d o m i n a n t l y  o n e - d i r e c t i o n a l  c a r g o  a o v e c e c t s -  
D e p t h  o f  a p p r o a c h e s  (DEPAPP) w a s  l i k e w i s e  i n s i g n i f i c a n t ,  a s  
s u g g e s t e d  i n  t h e  l i t e r a t u r e .
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8 . 2  Di s c r i m i n a n t  A n a l y s i s  i n  P o r t  C l a s s i f i c a t i o n ;  An 
A s s e s s m e n t
T h e  r e s u l t s  o f  t h e  t w o  a n a l y s e s  t u r n e d  o u t  t o  b e  q u i t e  
s i m i l a r ,  w i t h  t h e  e x c e p t i o n  c f  t h e  1984  d e v e l o p m e n t  g r o u p  
( T a b l e  1 8 ) -  T h e  d e v e l o p m e n t  g r c u p s  t e s t e d  E c e m e r ' s
c l a s s i f i c a t i o n  p r o c e d u r e  a n d  v a r i a b l e s  a g a i n s t  v a r i a b l e s  
h e l d  t o  b e  g o o d  s e p a r a t o r s  b e t w e e n  g r o u p s .  I n  t h e  
c r o s s v a l i d a t i o n  g r o u p s ,  t h e  d i s c r i m i n a n t  f u n c t i o n
c o e f f i c i e n t s  o f  t h o s e  v a r i a b l e s  w e r e  u s e d  t o  r e - c l a s s i f y  new 
p o r t s .  D i s c r i m i n a n t  a n a l y s i s  w a s  t h e n  c o n d u c t e d  u s i n g  t h e  
i d e n t i f i e d  v a r i a b l e s .  By d o i n g  t h i s ,  m o r e  c a r e f u l  v a l u e s  o n
t h e  f u n c t i o n s  w e r e  d e t e r m i n e d  a n d  t h e  a b i l i t y  o f  t h e s e
v a r i a b l e s  t o  s e p a r a t e  g r o u p s  wa s  c o n f i r m e d  t o  b e  v e r y  g o c d -  
T h e  c r o s s v a l i d a t i o n  p r o c e d u r e ,  t h e n ,  s u g g e s t s  t h a t  t h e  
d i s c r i m i n a n t  a n a l y s i s  a p p r o a c h  i s  e f f e c t i v e .
T a b l e  1 8 ;  A c c u r a c y  o f  F o r t  C l a s s i f i c a t i o n s
1 9 6 6  1 9 8 4
D e v e l o p m e n t  G r o u p s  6 9 . 6  1% 5 2 . 6 3 %
C r o s s v a l i d a t i c n  G r o u p s  9 0 . 9 1 %  9 6 . 7 7 %
M u l t i - c r i t e r i a  a p p r o a c h e s  w e r e  i d e n t i f i e d  i n  t h e  
l i t e r a t u r e  a s  b e i n g  g o o d  p r o c e d u r e s  f o r  a s s e s s i n g  t h e  s t a t u s  
o f  p o r t s .  By u s i n g  d i s c r i m i n a n t  a n a l y s i s ,  i t  w a s  p o s s i b l e  t o  
c o n s i d e r  many  v a r i a b l e s  a n d  s e l e c t  t h o s e  w h i c h  b e s t  s e p a r a t e  
g r o u p s  o f  p o r t s .  P a s t  p o r t  c l a s s i f i c a t i o n  p r o c e d u r e s  d i d  n o t  
p e r m i t  t h i s .  I n v e s t i g a t o r s  f o u n d  i t  d i f f i c u l t  t o  d i s t i n g u i s h  
t h e  m o r e  i m p o r t a n t  v a r i a b l e s  f r o m  t h e  l e s s  s i g n i f i c a n t .
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C o n s e q u e n t l y ,  t h i s  a n a l y s i s  m a k e s  c l e a r  how v a r i a b l e s  w h i c h  
w e r e  i d e n t i f i e d  i n  t h e  l i t e r a t u r e  a s  p c t e n t i a l  
d i s c r i m i n a t o r s  c a n  b e  c o n f i r m e d  s c  t y  m e a n s  o f  d i s c r i m i n a n t  
a n a l y s i s .
8 . 3  W i l k s ' s  L a m b d a :  I n t e r p r e t a t i o n  o f  S u c c e s s  i n  P e r t  
S e p a r a t i o n
A c o m p a r i s o n  o f  W i l k s ' s  L a m b d a  v a l u e s  g e n e r a t e d  i n  t h e  
a n a l y s e s  a l l o w s  f u r t h e r  i n s i g h t s .  T h e y  s h o w  t h a t  i c r  h o t h  
y e a r s  l a m b d a  d e c r e a s e d  f r o m  t h e  d e v e l o p m e n t  t o  t h e  
c r o s s v a l i d a t i o n  g r o u p s  o n  b o t h  f u n c t i o n s ,  r e s u l t i n g  i n  m e r e  
p o r t s  b e i n g  c o r r e c t l y  a s s i g n e d -
I n  t h e  1 98 4  c r o s s v a l i d a t i c n  g r o u p ,  t h e  l o w e s t  l a m b d a  
v a l u e s  w e r e  o b s e r v e d  o n  F u n c t i o n  I ,  w i t h  v a l u e s  o n  F u n c t i o n  
I I  i n  t h e  m i d d l e  r a n g e  o f  l a m b d a  v a l u e s .  T h e y  r e s u l t e d  i n  
t h e  b e s t  s e p a r a t i o n  c f  g r o u p  c e n t r o i d s  o n  t h e  s c a t t e r p l o t ,  
a n d  i n  a n  i m p r o v e d  a s s i g n m e n t  o f  p o r t s  c o m p a r e d  t o  t h e  1 9 6 6  
c r o s s v a l i d a t i o n  g r o u p  { T a b l e  1 9 ) .
T a b l e  1 9 :  W i l k s ' s  L a m b d a :  1 9 6 6 / 1 9 8 4
1 9 6 6  1984
D e v e l o p m e n t  G r o u p  F u n c t i o n  I  0 - 5 5 7 3 2 4 2  0 . 5 9 0 3 7 7 8
F u n c t i o n  I I  0 . 9 0 6 6 3 0 1  0 . 9 8 9 6 5 7 8
C r o s s v a l i d a t i o n  F u n c t i o n  I  0 . 1 2 9 5 6 5 6  0 . 0 9 8 2 3  13
F u n c t i o n  I I  0 . 7 3 7 0 7 2 0  0 . 4 0 5 4 6 C 5
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8 . q I m p r o v e m e n t s  i n  C l a s s i f y i n g ;  D e v e l o p m e n t  t o  
C r o s s v a l i d a t i o n 
C l e a r l y  i n  e v i d e n c e  h a s  b e e n  a n  i m p r o v e m e n t  i n  
c l a s s i f i c a t i o n  a c c u r a c y  f r o m  t h e  d e v e l o p m e i t  t o  
c r o s s v a l i d a t i o n  g r o u p s -  A c o m p a r i s o n  o f  p a t t e r n s  o b s e r v e d  
f r o m  t h e  s c a t t e r p l o t s  w i t h  t h e  c l a s s i f i c a t i o n  r e s u l t s  f r o m  
d e v e l o p m e n t  a n d  c r o s s v a l i d a t i o n  g r o u p s  f o r  b o t h  y e a r s  
p r e s e n t s  s o m e  l i g h t  o n  how d i f f i c u l t  o r  e a s i l y  p o r t s  c c u l d  
b e  a s s i g n e d  t o  t h e i r  c o r r e c t  g r o u p  o v e r  t i m e -
I n  1 8 6 6 ,  t h e  s c a t t e r p l o t s  s u g g e s t e d  t h a t  f o r  b o t h  
d e v e l o p m e n t  a n d  c r o s s v a l i d a t i o n  g r o u p s .  G r o u p  1 a n d  3 p o r t s  
a p p e a r e d  t o  s h a r e  c h a r a c t e r i s t i c s  w h i c h  s e p a r a t e d  t h e m  f r o m  
e a c h  o t h e r  a n d  f r o m  G r o u p  2 p o r t s .
B e s u l t s  f r o m  t h e  a n a l y s i s  o n  t h e  d e v e l o p m e n t  g r o u p  s h e w e d  
t h a t  G r o u p  1 p o r t s  w e r e  c o r r e c t l y  i d e n t i f i e d  8 2 . 5  p e r c e n t  o f  
t h e  t i m e ;  i n  t h e  c r o s s v a l i d a t i o n  g r o u p ,  t h e y  w e r e  a l l  
c o r r e c t l y  a s s i g n e d .  G r o u p  2 p o r t s  s e e m e d  t o  b e  a  d i f f i c u l t  
l o t  t o  a s s i g n  c o r r e c t l y -  A l t h o u g h  t h e y  w e r e  o n l y  o n c e  
m i s c l a s s i f i e d  a s  G r o u p  3 ,  t h e y  w e r e  a s s i g n e d  t o  G r o u p  1 7 3 - 3  
p e r c e n t  c f  t h e  t i m e -  A f t e r  c r o s s v a l i d a t i o n ,  t h e y  w e r e  
s o m e t i m e s  a s s i g n e d  t o  G r o u p  1 ,  b u t  now 6 6 - 7  p e r c e n t  o f  t h e  
t i m e -  G r o u p  3  p o r t s  w e r e  a s s i g n e d  t o  G r o u p  1 m o r e  o f t e n  t h a n  
t o  G r o u p  2 .  A f t e r  c r o s s v a l i d a t i o n ,  t h e y  w e r e  n c  l o n g e r  
i n c o r r e c t l y  a s s i g n e d  t o  G r o u p  1 ,  b u t  s t i l l  t c  G r o u p  2-
I n  1 9 8 a ,  t h e  s c a t t e r p l o t s  s u g g e s t e d  s i m i l a r  p a t t e r n s  t o  
t h o s e  o b s e r v e d  i n  1966-  G r o u p  3 p o r t s  w e r e  m o s t  l i k e l y  t o  b e
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a s s i g n e d  t o  t h e i r  c o r r e c t  g r o u p -  D ue  t o  t h e  c l u s t e r i n g  o f  
G r o u p s  1 a n d  2 p o r t s ,  i t  w a s  a n t i c i p a t e d  t h a t  t h e s e  t w o  
w o u l d  b e  d i f f i c u l t  t o  s e p a r a t e  i n t o  t h e i r  c o r r e c t  g r c u p .
I n  t h e  a n a l y s i s  o n  t h e  d e v e l o p m e n t  g r o u p ,  t h i s  w a s  i n d e e d  
t h e  c a s e .  G r o u p  1 p o r t s  w e r e  m o r e  l i k e l y  t o  b e  a s s i g n e d  t c  
G r o u p  2 t h a n  t o  G r o u p  3 ;  G r o u p  2 p o r t s  w e r e  n e v e r  a s s i g n e d  
t o  G r o u p  3 .  B a t h e r  t h e y  w e r e  a s s i g n e d  t o  G r o u p  1 5 5 . 6
p e r c e n t  o f  t h e  t i n e .  A f t e r  c r o s s v a l i d a t i o n ,  t h e y  w e r e  n o  
l o n g e r  m i s c l a s s i f i e d  a s  G r o u p  1 ,  t h o u g h  s t i l l  a s s i g n e d  t o  
G r o u p  3 -  G r o u p  3 p o r t s  w e r e  a s s i g n e d  t c  b o t h  G r o u p  1 a n d  
G r o u p  2 i n  t h e  d e v e l o p m e n t  g r o u p ;  a f t e r  c r o s s v a l i d a t i o n ,  
t h e y  w e r e  a l l  c o r r e c t l y  a s s i g n e d .
G r c u p  2 p o r t s  w e r e  t h e  m c s t  d i f f i c u l t  t o  a s s i g n  t o  t h e i r  
c o r r e c t  g r o u p  f o r  1 9 6 6 .  I n  1 9 8 h ,  t h e y  w e r e  a l l  c o r r e c t l y  
a s s i g n e d  a f t e r  c r o s s v a l i d a t i o n ,  w h i l e  s o m e  G r o u p  1 p o r t s  
w e r e  s t i l l  a s s i g n e d  t o  G r o u p  3 .  E a s e d  o n  t h e s e  r e s u l t s ,  t wo  
o b s e r v a t i o n s  c a n  b e  m a d e .  F i r s t ,  G r o u p  2 p o r t s  a p p e a r  t o  
h o l d  a n  e v e r  c h a n g i n g  g r o u n d  b e t w e e n  G r o u p s  1 a n d  3 , a n d  
may w a r r a n t  f u r t h e r  s t u d y  ( s e e  F i g u r e  1 5 ) -  S e c o n d l y ,  t h e  
d i f f i c u l t y  w i t h  G r o u p  1 p o r t s  s t i l l  b e i n g  a s s i g n e d  t o  G r o u p  
3 a f t e r  c r o s s v a l i d a t i o n  s h o w s  t h a t  t h e r e  e x i s t s  a  d i f f i c u l t y  
i n  s e p a r a t i n g  p o r t s  i n  G r c u p  1 w h i c h  f a l l  c l o s e  t c  p o r t s  
s h a r i n g  v e r y  s i m i l a r  i n t e n s i t i e s  b u t  b e l o n g  t o  G r o u p  3 .  T h i s  
may b e  b e c a u s e  t h e r e  a r e  t w o  t w o  t y p e s  o f  G r o u p  3 p o r t s  a s  
s u g g e s t e d  e a r l i e r ,  w i t h  o n e  t y p e  s i m i l a r  t o  G r o u p  1 .
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8 . 5  A C r i t i c a l  A s s e s s m e n t  o f  B o e m e r f s  C l a s s i f i c a t i o n
A l t h o u g h  t h i s  s t u d y  r e v e a l e d  s o m e  o f  t h e  w e a k n e s s e s  o f  
p o e m e r ' s  p r o c e d u r e s ,  s i m i l a r  o b s e r v a t i o n s  c a n  b e  m a c e  a b o u t  
o t h e r  c l a s s i f i c a t i o n s , s i n c e  t h e  p r o c e d u r e s  u s e d  w e r e  
s i m i l a r -  l o o k i n g  b a c k  a t  B o e m e r ’ s  p r o c e d u r e ,  a n d  v a r i a b l e s ,  
a  n u m b e r  o f  f l a w s  w e r e  e v i d e n t  w h i c h  r e s u l t e d  i n  a  
c l a s s i f i c a t i o n  o f  G r e a t  L a k e s  p o r t s  w h i c h  w a s  n o t  c o m p l e t e ,  
a n d  c o u l d  n o t  b e  r e p l i c a t e d .
T h e  f i r s t  f l a w  i n  B o e m e r ’ s  w o r k  may h a v e  b e e n  t h e  u s e  o f  
t o o  f e w  v a r i a b l e s ,  s o m e  o f  w h i c h  w e r e  w e a k  m e a s u r e s  o f  p o r t  
s t a t u s -  T h r e e  o f  B o e m e r ’ s  v a r i a b l e s  w e r e  i n c o r p o r a t e d  i n t o  
t h i s  s t u d y .  O n l y  o n e ,  t o t a l  w e i g h t  o f  c a r g o e s  s h i p p e d  
e m e r g e d  a s  s i g n i f i c a n t .  T h e  o t h e r  v a r i a b l e s ,  c a r g o e s  s h i p p e d  
i n ,  a n d  o u t  b o u n d  p r o v e d  t o  b e  w e a k  d i s c r i m i n a t o r s .  T h e  
p r o c e d u r e  u s e d  a l s o  c o n t r i b u t e d  t o  t h e  p o o r  r e s u l t s  
a c h i e v e d ,  s i n c e  i t  d i d  n o t  t a k e  i n t o  a c c o u n t  t h e  i n t e n s i t y  
o f  t h e  s e l e c t e d  v a r i a b l e s .  T h e  f a c t  t h a t  B o e m e r  w a s  n o t  
c l e a r  o n  g r o u p i n g  p r o c e d u r e s  i s  i n  e v i d e n c e  by  a  s i m p l e  
e x a m i n a t i o n  o f  t h e  s t a t i s t i c s  a n d  t h e  c l a s s i f i c a t i o n  i t s e l f -  
G r o u p  m e m b e r s h i p  w a s  s h o w n  t o  b e  d i f f i c u l t  t o  d e t e r m i n e  i n  
m a ny  c a s e s .
B o e m e r ’ s  c l a s s i f i c a t i o n  w a s  a l s o  b a s e d  o n  a  
m i s r e p r e s e n t a t i o n  t o  s o m e  d e g r e e  o f  t h e  c o m m o d i t i e s  h a n d l e d  
by t h e  p o r t s  o n  t h e  l a k e s -  A g o o d  e x a m p l e  i s  G o d e r i c h ,  
O n t a r i o ,  w h i c h  w a s  i d e n t i f i e d  a s  a  o n e  c o m m o d i t y  p o r t ,  
h a n d l i n g  p r e d o m i n a n t l y  g r a i n .  I f  we w e r e  t o  e x a m i n e  t h e
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c o m m o d i t i e s  h a n d l e d  o u r s e l v e s ,  we w o u l d  d i s c o v e r  s a l t  t c  t e  
a m a j o r  c o m m o d i t y .
T h e  a b s e n c e  o f  p e t r o l e u m  a s  a s i g n i f i c a n t  c o m m o d i t y  i n  
h e r  c l a s s i f i c a t i o n  a l s o  c a s t s  a s h a d o w  o n  t h e  n a t u r e  o f  t h e  
p o r t s .  F o r  m a n y ,  p e t r o l e u m  a n d  p e t r o l e u m  r e l a t e d  p r o d u c t s
a c c o u n t  f o r  l a r g e  p r o p o r t i o n s  c f  t h e  t o t a l  c a r g o e s  s l i p p e d .
P r o b l e m s  s u c h  a s  t h e s e  c a n  be  p e r h a p s  r e l a t e d  t o  t h e  
p r o c e d u r e  u s e d  i n  t h e  d e v e l o p m e n t  o f  t h e  c l a s s i f i c a t i c n -  The  
l i t e r a t u r e  s h o w s  t h a t  a  n u m b e r  o f  a t t e m p t s  a t  c l a s s i f y i n g  
p o r t s  h a v e  b e e n  u n d e r t a k e n  w i t h o u t  a n y  c l e a r l y  d e f i n e d  
p r o c e d u r e .  R a t h e r ,  t h e r e  h a s  b e e n  a p r e o c c u p a t i o n  w i t h  t h e  
s e l e c t i o n  o f  t h e  b e s t  p o s s i b l e  v a r i a b l e s  a n d  m e a s u r e s  o f  
p o r t  s t a t u s .  T h i s  c o n c e r n ,  t h o u g h  j u s t i f i e d ,  i s  p e r h a p s  
r e a s o n  f o r  t h e  d i f f e r e n c e  o f  o p i n i o n s  on  a p p r o p r i a t e
v a r i a b l e s .  I n  t h i s  s t u d y ,  t h e  p r e o c c u p a t i o n  h a s  b e e n  w i t h  
t h e  p r o c e d u r e ,  a n d  t h e  r e s u l t  h a s  b e e n  t h e  i d e n t i f i c a t i o n  o f  
g o o d  p o r t  s e p a r a t i o n  c r i t e r i a ,  f o r  t h e  p r o c e d u r e  c h c s e n  h a d  
a s  o n e  c f  i t s  t a s k s  t h e  i d e n t i f i c a t i o n  o f  a p p r o p r i a t e
v a r i a b l e s .
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C h a p t e r  IX 
STUDY I H P I I C A T I O H S
9 . 1  A V i e w  o f  G r e a t  L a k e s  P o r t s
T h e  n u m b e r  o f  f o r t s  i n  o p e r a t i o n  cn  t h e  G r e a t  L a k e s  c a n  
v a r y  f r o m  y e a r  t o  y e a r  d e p e n d i n g  o n  a w i d e  r a n g e  o f  m a r k e t  
a n d  e c o n o m i c  c o n d i t i o n s .  By u s i n g  d i s c r i m i n a n t  a n a l y s i s  t h i s  
s t u d y  a n a l y s e d  s o m e  o f  t h e  k n o w l e d g e  we h a v e  a b o u t  t h e s e  
p o r t s  i n  a s y s t e m a t i c  f a s h i o n .
G r c u p  3 p o r t s  a p p e a r  t o  h a v e  t e e n  t h e  m o s t  i m p o r t a n t  i n  
t e r m s  o f  o v e r a l l  t r a d e  o n  t h e  l a k e s -  T h e y  w e r e  u s u a l l y  t h e  
l a r g e r  u r b a n  m e t r o p o l i t a n  a r e a s ,  s e r v i n g  t h e  l a r g e r  
h i n t e r l a n d s ,  h a n d l i n g  t h e  h i g h e s t  p r o p o r t i o n s  o f  g e n e r a l  
c a r g o e s ,  h a v i n g  t h e  g r e a t e s t  o v e r s e a s  t r a d e ,  h a n d l i n g  m o s t  
c a r g o e s ,  t h e  g r e a t e s t  v a r i e t y  o f  c a r g o e s  a n d  b e i n g  l o c a l l y  
a d m i n i s t e r e d  b y  a  p o r t  a u t h o r i t y  o r  h a r b o u r  c o m m i s s i o n .  
T h e s e  w e r e  i n  a  s e n s e  p r e d o m i n a n t l y  i n t e r n a t i o n a l  l a k e  
p o r t s .
G r c u p  2 p o r t s  w e r e  c h a r a c t e r i z e d  t y  s m a l l e r  u r b a n  a r e a s  
s e r v i n g  m o r e  l i m i t e d  h i n t e r l a n d s ,  l i t t l e  o r  n o  o v e r s e a s  
t r a d e ,  f e w  c o m m o d i t i e s ,  a n d  a v a r i e t y  o f  p o r t  
a d m i n i s t r a t i o n s -  T o n n a g e s  h a n d l e d  by  t h e s e  p o r t s  a l s o  
v a r i e d ,  w i t h  s o m e  h a n d l i n g  m o r e  t h a n  t h o s e  p o r t s  i n  G r o u p  3 .  
B u l k  c a r g o e s  w e r e  m o r e  i m p o r t a n t  t o  t h e s e  p o r t s .  T r a d e  w a s
-  5 6  -
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l i m i t e d  g e n e r a l l y  t o  w i t h i n  t h e  l a k e s .  T h e s e  c o u l d  h e  s e e n  
a s  n a t i o n a l  l a k e  p o r t s .
G r c u p  1 p o r t s  w e r e  c h a r a c t e r i z e d  b y  t h e  s m a l l e s t  u r b a n  
a r e a s  s e r v i n g  t h e  m o s t  l i m i t e d  h i n t e r l a n d s  a n d  t h e  s m a l l e s t  
a m o u n t  o f  o v e r s e a s  t r a d e -  A n u m b e r  c f  p o r t s  i n  t h i s  g r o u p  
c o u l d  be  c h a r a c t e r i z e d  a s  b e i n g  p r i m a r i l y  b u l k  c a r g o  
o r i e n t e d  w i t h  a n  i m b a l a n c e  o f  c a r g o  m o v e m e n t ,  c a r g o e s  
i n b o u n d  o r  o u t b o u n d  d o m i n a t i n g -  Kany  o f  t h e s e  p o r t s  h a n d l e d  
l a r g e  v o l u m e s  o f  m a t e r i a l ,  a n d  w e r e  a d m i n i s t e r e d  b y  p r i v a t e  
c o r p o r a t i o n s ,  l o c a l ,  a n d  o r  s t a t e  a n d  o r  F e d e r a l  
g o v e r n m e n t s .  T h e s e  c a n  b e  s e e n  a s  l o c a l  l a k e  p o r t s -
9 . 2  P a t t e r n s  a n d  T r e n d s  o f  G r e a t  L a k e s  S h i p p i n g
T h e  m o s t  s t r i k i n g  a s p e c t  o f  t r a d e  on  t h e  l a k e s  c o n c e r n s  
t h e  t o n n a g e s  a n d  v a r i e t i e s  o f  c a r g o e s  h a n d l e d -  K h i l e  t h e  
t o t a l  t o n n a g e  o f  c a r g o e s  h a n d l e d  i n c r e a s e d  f r o m  1 0 5  261 3 6 0  
t o n n e s  i n  1 9 6 6  t o  147 7 3 0  6 9 2  t o n n e s  i n  1 9 8 4 ,  a n d
i n t e r n a t i o n a l  t r a d e  i n c r e a s e d  f r o m  85 7 8 7  83 4  t o n n e s  i n  1966  
t o  90 5 9 5  77 1  t o n n e s  i n  1 9 8 4 ,  a  n u m b e r  o f  p o r t s  e x p e r i e n c e d  
d e c l i n e s ,  w i t h  t h e  n o t a b l e  c a s e s  f r o m  G r o u p  3 -  B u f f a l o  N - 7 -  
i s  p e r h a p s  t h e  b e s t  e x a m p l e .  I n  1 9 6 6 ,  16 884  6 2 6  t o n n e s  w e r e  
t r a n s h i p p e d  c o m p a r e d  t o  o n l y  1 6 8 2  1 9 0  i n  1 9 8 4 -  O t h e r  p o r t s  
i n  G r o u p  3 w h i c h  e x p e r i e n c e d  d e c l i n e s ,  t h o u g h  n o t  o f  t h e  
s a m e  m a g n i t u d e ,  i n c l u d e d  D u l u t h - S u p e r i o r  a n d  T o r o n t o .  
D e c l i n e s  i n  t o n n a g e s  a n d  v a r i e t i e s  o f  c a r g o e s  a p p e a r  t o  h a v e  
b e e n  a c o n t r i b u t i n g  f a c t o r  t o  s o m e  1966  G r o u p  3 p o r t s  s u c h
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a s  M e n o m i n e e ,  P o r t  H u r o n ,  K a n i t o w a c  a n d  M u s k e g o n ,  s h i f t i n g  
t o  G r o u p  1 i n  1 9 8 4 .
I n c r e a s e s  i n  t h e  t o n n a g e  o f  c a r q o e s  g e n e r a l l y  r e s u l t e d  i n  
p o r t s  s h i f t i n g  u p  t o  G r o u p s  2 o r  3 .  G r o u p  2 p o r t s  s e l d o m  
moved  up  t o  G r o u p  3 ,  r a t h e r  t h e y  w e r e  m o r e  l i k e l y  t o  d e c l i n e  
t o  G r o u p  1.  G r o u p  1 p o r t s  s e l d c m  m o ve d  up  t o  G r o u p  3 ,  r a t h e r  
t h e y  moved  u p  G r o u p  2 ,  f o r  e x a m p l e ,  C a l c i t e ,  a n d  M o x r i s h u r g  
( A p p e n d i x  E) .
9 . 3  Us e s  o f  P o r t  C l a s s i f i c a t i o n
R e c e n t l y ,  t h e r e  h a s  b e e n  a r e - a w a k e n i n g  o f  G r e a t  L a k e s  
p o r t s ,  s h i p p i n g  c o m p a n i e s ,  g o v e r n m e n t s  a n d  o t h e r s  w i t h  
e c o n o m i c  i n t e r e s t s  i n  t h e  s t a t u s  o f  t h e  G r e a t  L a k e s  a s  a  
t r a n s p o r t  s y s t e m -  A l l  h a v e  b e e n  i n  s e a r c h  o f  new k n c w l e d g e -  
T h e  e c o n o m i c  s t a t u s  o f  G r e a t  L a k e s  p o r t s  s u f f e r e d  d u r i n g  t h e  
e a r l y  1 9 8 0 ' s ,  d u e  i n  p a r t  t o  t h e  c h a n g i n g  e c o n o m i c  
c o n d i t i o n s  o f  t h e  t i m e  b u t  a l s o  d u e  t o  i n a b i l i t y  c f  p o r t s  
a n d  s h i p p i n g  c o m p a n i e s  t o  s e c u r e  new c a r g o e s  t o  r e p l a c e  o n e s  
w h i c h  d e c l i n e d  i n  e a r l i e r  y e a r s .  I n  a  s e n s e ,  p o r t s  h a d  t o  
b e c o m e  m o r e  c o m p e t i t i v e  w i t h  e t h e r  m o d e s  o f  t r a n s p o r t  a n d  
t i d e w a t e r  p o r t s  o n  t h e  c o n t i n e n t .  T o d a y ,  t h e  G r e a t  L a k e s / S t .  
L a w r e n c e  S e a w a y  a r e  t r y i n g  t o  d o  j u s t  t h i s .  T r a d e  m i s s i o n s  
t o  E u r o p e  a n d  new c o n c e p t s  i n  p o r t  m a n a g e m e n t  r e f l e c t  a  new 
s p i r i t .  I h e r e  h a s  b e e n  a  g e n u i n e  a t t e m p t  t o  r e c a p t u r e  l o s t  
c a r g o e s  a n d  s e c u r e  n e w o n e s  f r c m  r a i l  a n d  t r u c k i n g -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
M a r k e t s  c a n n o t  g r o w  f o r e v e r  a n d  c a r g o e s  c a n n o t  a l w a y s  h e  
s e c u r e d  f r o m  o t h e r  m o d e s  o f  t r a n s p o r t a t i o n .  Tfce c n l y  
a l t e r n a t i v e  i s  i n c r e a s e d  i n t e r - p o r t  c o m p e t i t i o n  f o r  c a r g o e s .  
I t  s e e m s  t h a t  t h i s  a p p r o a c h  h a s  n e t  b e e n  i n v e s t i g a t e d  a s  
c l e a r l y  a s  t h e  p r e v i o u s  o p t i o n .
T h r o u g h  t h e  u s e  o f  a  c l a s s i f i c a t i o n  p r o c e d u r e  s u c h  a s  t h e  
o n e  e m p l o y e d  h e r e ,  o p e r a t i n g  p o r t s  o b t a i n  a  v i e w  o f  t h e  
c o m p e t i t i o n  i n  t h e  g e o g r a p h i c  m a r k e t  p l a c e .  P o r t s  w i s h i n g  
t o  i m p r o v e  e c o n o m i c  s t a t u s  o r  j u s t  m a i n t a i n  c u r r e n t  p o s i t i o n  
i n  t h e  m a r k e t  may f i n d  i n f o r m a t i o n  p r e s e n t e d  b y  t h i s  t y p e  o f  
c l a s s i f i c a t i o n  p r o c e d u r e  u s e f u l .  I t  may p r o v e  u s e f u l  t o e  i n  
t h e  e a r l y  s t a g e s  o f  d e v e l o p i n g  a  p o l i c y  w h i c h  i s  d e s i g n e d  t c  
s e c u r e  new c a r g o e s  f o r  t h e  p o r t .  T h e  c l a s s i f i c a t i o n  a l l o w s  
t h e  p o r t  t o  i d e n t i f y  i t s  p o s i t i o n  i n  t h e  g e o g r a p h i c  a r e a ,  
s a y  t h e  G r e a t  L a k e s .  I t  a l l o w s  t h e  p o r t  t o  s e e  m o r e  c l e a r l y  
t h o s e  p o r t s  w i t h  w h i c h  i t  h a s  m o s t  t h i n g s  i n  c o m m o n ,  p o r t s  
b e l o n g i n g  t o  t h e  s a m e  g r o u p .  T h e s e  a r e  p r o b a b l y  t h e  
i m m e d i a t e  c o m p e t i t i o n ,  p o r t s  w h i c h  d e a l  i n  s i m i l a r  v a r i e t i e s  
a n d  g u a n t i t i e s  o f  c a r g o e s .  I t  a l l o w s  t h e  i d e n t i f i c a t i o n  o f  
p o r t s  i n  e t h e r  c l a s s e s  w h i c h  may b e  t h e m s e l v e s  t a r g e t s  f o r  
t h e  s e c u r e m e n t  o f  c a r g o e s -  I t  a l l o w s  t h e  p o r t  t o  i d e n t i f y  
t h o s e  p o r t s  i n  e t h e r  g r c u p s  w h i c h  p o s e  t h e  g r e a t e s t  
c o m p e t i t i o n .
I f  t h e  d i v i s i o n  o f  t h e  m a r k e t  p l a c e  i n t o  v a r i o u s  l e v e l s  
i s  k n o w n ,  v a l u a b l e  t i m e  a n d  m o n e y  c a n  b e  s a v e d  i n  t h e  
i m p l e m e n t a t i o n  o f  t r a d e  a n d  p l a n n i n g  s t r a t e g i e s -  l i r s t  by
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c o n d u c t i n g  a n  i n t e r n a l  e x a m i n a t i o n  o f  t h e  p o r t  i t s e l f ,  p o r t  
m a n a g e r s  c a n  l o c k  t o w a r d s  o t h e r  p o r t s  w i t h i n  t h e  c r o u p  i n  
g r e a t e r  d e t a i l  f o r  g u i d a n c e  a n d  i d e a s  w h i c h  c c u l d  b e  
e f f e c t i v e l y  i m p l e m e n t e d  w i t h  s u c c e s s f u l  r e s u l t s .  P o o r
e x a m p l e s  c f  m a n a g e m e n t  o r  p o l i c y  c a n  a l s o  b e  m o r e  e a s i l y  
i d e n t i f i e  d .
C l a s s i f i c a t i o n s  o f  p o r t s ,  s a y  t h o s e  on  t h e  G r e a t  L a k e s ,  
c o n d u c t e d  o n  a  y e a r l y  b a s i s ,  c a n  p r o v e  t o  b e  u s e f u l  i n  l o n g  
t e r m  p l a n n i n g  a n d  d e v e l o p m e n t  o f  t r a n s p o r t a t i o n  p o l i c i e s  by  
h i g h e r  l e v e l s  o f  g o v e r n m e n t ;  by  h i g h l i g h t i n g  p o r t  m o v e m e n t s  
b e t w e e n  c l a s s e s  a n d  t h e  d i s a p p e a r a n c e  a n d  a p p e a r a n c e  o f  
p o r t s ,  e f f e c t i v e  p l a n s  c a n  b e  i n i t i a t e d  f o r  s y s t e m a t i c  
c h a n g e .  U n d e r s t a n d i n g  t h e  c o m p l e t e  s y s t e m  o f  p o r t s ,  t h e i r  
c h a r a c t e r i s t i c s ,  a p l a n  f o r  t h e  d e v e l o p m e n t  o f  t h e  e n t i r e  
G r e a t  L a k e s  r e g i o n  c a n  b e  u n d e r t a k e n  w i t h  a c l e a r
u n d e r s t a n d i n g  o f  p a s t  a n d  p r e s e n t  p o r t  a r r a n g e m e n t s .
T h r o u g h  k n o w l e d g e ,  s u c c e s s f u l  p o r t  d e v e l o p m e n t  a n d  
o p e r a t i o n s  c a n  b e  m a i n t a i n e d  a n d  i m p r o v e d .  T h r o u g h  
c l a s s i f i c a t i o n ,  a  s u r e  s t a r t  c a n  b e  made  o n  t h e  r o a d  t o  t h a t
k n o w l e d g e  a b o u t  p o r t s .  I n  t h i s  s t u d y ,  t h e  v a r i a b l e s  w h i c h
e m e r g e d  a s  s i g n i f i c a n t  d i s c r i m i n a t o r s  b e t w e e n  g r o u p s ;  
v a r i e t y  o f  c o m m e r c e  (VARCOM),  o v e r s e a s  b o u n d  c a r g o e s  
(FOREGO) ,  a n d  w e i g h t  o f  c a r g o e s  s h i p p e d  (TONNAGE) ,  h a d  a l l  
b e e n  i d e n t i f i e d  i n  e a r l i e r  s t u d i e s  a s  g o o d  m e a s u r e s  o f  p o r t  
s t a t u s .  P o r t  a d m i n i s t r a t i o n  (ADMIN) w a s  t h e  o n l y  v a r i a b l e  
w h i c h  w a s  n o t  p r e v i o u s l y  i d e n t i f i e d  a s  a  g o o d  d i s c r i m i n a t o r
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b u t  e m e r g e d  a s  o n e -  T h i s  s u g g e s t s  t h a t  g o o d  v a r i a b l e s  h a v e  
b e e n  i n  e x i s t e n c e  a l l  a l o n g #  b u t  t h a t  t h e i r  s u c c e s s  h a d  t e e n  
l i m i t e d  by  i n a d e q u a t e  g r o u p i n g  p r o c e d u r e s -  T h r o u g h  t h e  
p r o c e d u r e  o u t l i n e d  u s i n g  d i s c r i m i n a n t  a n a l y s i s #  a  s t a r t  on  
t h e  r o a d  t o  t h a t  k n o w l e d g e  h a s  b e e n  m a d e .  A s o u n d  r e p l i c a b l e  
c l a s s i f i c a t i o n  o f  p o r t s  h a s  b e e n  m o r e  e a s i l y  a c h i e v e d  a n d  
a p p r o p r i a t e  m e a s u r e s  o f  p o r t  s t a t u s  i d e n t i f i e d  m o r e
p r e c i s e l y .
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B r i t t ,  C n t -  
C u t l e r ,  O n t .  
O a k v i l l e ,  O n t .  
W h i t b y ,  O n t .  
C o l t o u r n e ,  O n t .  
E r i e a u ,  O n t .
P o r t  B u r w e l l ,  O n t .  
P o r t  H o p e ,  O n t .  
C a r d i n a l ,  O n t -  
C o l l i n g w o o d ,  O n t .  
P r e s c o t t ,  O n t .
B e d  H o c k ,  O n t .
P o r t  M a i t l a n d ,  C n t .  
W h i t e  L a k e ,  M i .  
E s c a n a f c a ,  M i .  
M a n i s t i q u e ,  M i .  
M a r y s v i l l e ,  M i .  
M o n r o e ,  Mi-  
C h a r l e v o i x ,  M i .  
G r a n d  H a v e n ,  M i .  
P o r t  H u r o n ,  M i .  
S o u t h  H a v e n ,  M i .
S t .  J o s e p h ,  M i .
P o r t  I n l a n d ,  M i .  
M a r i n e  C i t y ,  M i .  
H a r r i s v i l l e ,  M i .  
B a y f i e l d ,  H i s .
Two H a r b o r s ,  W i s -  
G a r y ,  I n d .
G r e e n  B a y ,  H i s .  
S h e b o y g a n ,  W i s .  
F a i r p o r t ,  O h i o  
H u r o n ,  C h i o  
H a d d i n g t o n ,  N.  Y. 
D u n k i r k  ,  N. Y. 
O g d e n s b u r g ,  N . Y .  
S i l v e r  B a y ,  M i n n .  
G r a n d  M a r a i s ,  M i n n .
C o b o u r g ,  O n t .  
M o r r i s b u r g ,  O n t .
P a r r y  S o u n d ,  C n t .  
C o r n w a l l ,  C n t -  
C o u r t w r i g h t ,  C n t .  
T r e n t o n ,  O n t .
P o r t  C r e d i t ,  C n t .
D e p o t  H a r b o u r ,  O n t .  
M i c h i p i c o t e n ,  O n t .
P o r t  M c N i c c l l ,  O n t .  
M i d l a n d ,  O n t -  
M a r a t h o n ,  O n t .
A l p e n a ,  M i .
M a r q u e t t e ,  M i -  
P r e s g u e  I s l e ,  Mi .  
K e w e e n a w  H a t e r w a y ,  Mi -  
H a r b o r  E e a c h ,  Mi .
S t .  C l a i r ,  M i .
S a u l t  S t e .  M a r i e ,  Mi -  
Dru iEEond  I  s i .  ,  Mi .  
L e l a n d ,  M i .
C a l c i t e ,  M i .
P o r t  D o l o m i t e ,  M i .  
S t o n e p o r t ,  M i .  
C h e b o y g a n ,  M i .  
G l a d s t o n e ,  M i -  
D e t r o i t  H a r b o r ,  H i s .  
M i c h i g a n  C i t y ,  I n d .  
A s h l a n d ,  H i s .
P o r t  H a s h i n g t o n ,  H i s .  
O a k  C r e e k ,  H i s .  
M a r b l e h e a d ,  O h i o  
S a n d u s k y ,  O h i o  
R o c h e s t e r ,  N - Y .
S a c k e t s  H a r b o r ,  N.  Y. 
H a u k e g a n ,  1 1 1 .  
B u f f i n g t o n  H a r b o r ,  I n d .
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B e l l e v i l l e ,  O n t -  
K i n g s t o n ,  O n t .  
O s h a v a ,  C n t .
S a r n i a ,  O n t .  
C l a r k s o n ,  O n t .  
P i c t o n ,  C n t .  
G o d e r i c h ,  O n t .
Owen S o u n d ,  O n t .  
O n t o n a g o n ,  Mi-  
L i n e  I s l . ,  H i .  
L o r a i n ,  O h i o  
B a c i n e ,  W i s .
I n d i a n a  H a r b o r ,  I n d .
K i n g s v i l l e ,  O n t .  
B r o c k v i l l e ,  O n t .  
P o r t  S t a n l e y ,  C n t .  
W a l l a c e t u r g ,  C n t .
S t .  C a t h a r i n e s ,  O n t .  
A m h e r s t t u r g ,  C n t -  
P o r t  C o l f c o r n e ,  C n t .  
H a n i s t e e ,  Mi .  
T r a v e r s e  C i t y ,  Mi .  
A s h t a b u l a ,  O h i o  
C o n n e a u t ,  O h i o  
Two B i v e r s ,  Wis
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T o r o n t o ,  O n t -  
W e l l a n d ,  O n t .  
H a m i l t o n ,  O n t .  
T h u n d e r  B a y ,  O n t .  
F r a n f o r t ,  Mi .  
M u s k e g o n ,  Mi .  
H o l l a n d ,  Mi .
S t .  J a m e s ,  M i .  
K e w a u n e e ,  W i s .  
K e n o s h a ,  Wi s .  
T o l e d o ,  O h i o  
C l e v e l a n d ,  O h i o  
E r i e ,  P a -  
O s w e g o ,  N . y .
W i n d s o r ,  O n t .
T h o r c l d ,  O n t .
S a u l t  S t e -  M a r i e ,  O n t .  
M e n o m i n e e ,  M i .
L u d i n g t o n ,  M i .
D e t r o i t ,  Mi .
M a c k i n a c ,  Mi- 
S t u r c e o n  B a y ,  Wi s -  
M a n i t o w a c ,  W i s -  
C h i c a g o ,  1 1 1 -
D u l u t h - S u p e r i c r ,  M i n n . - W i s .  
P u t - I n - E a y ,  O h i o  
B u f f a l o ,  M.y.
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A m b e r s t b u r g ,  O n t .  
B a t h ,  O n t .  
C a r d i n a l ,  O n t .  
C o l b o r n e ,  O n t .  
C o u r t w r i g h t ,  O n t .  
G o d e r i c h ,  O n t .  
K i n g s v i l l e ,  O n t .  
M e l d r u m  B a y ,  O n t .  
N a n t i c o k e ,  O n t .  
O a k v i l l e , O n t .  
P i c t o n ,  O n t .
P o r t  M c b i c o l l ,  O n t .  
S o m t r a ,  O n t .
S a r n i a ,  O n t .  
W a u k e g a n ,  1 1 1 .
Two H a r b o r s ,  M i n n .  
B a y f i e l d ,  H i s .  
T a c c n i t e ,  M i n n .  
G a r y ,  I n d .
P r e s q u e  I s l e ,  Mi .  
M u s k e g o n ,  M i .  
H o l l a n d ,  Mi .  
S h e t o y g a n ,  H i s .  
A l p e n a ,  Mi .  
M a r y s v i l l e ,  M i .  
M a r i n e  C i t y ,  M i .  
O g d e n s b u r g ,  N. X. 
A l g c m a ,  H i s .  
G l a d s t o n e ,  Mi .  
M a r q u e t t e ,  Mi .  
A l a b a s t e r ,  Mi .  
C a l c i t e ,  Mi .  
M a r b l e h e a d ,  O h i o  
P o r t  D o l o m i t e ,  Mi .  
S t o n e p o r t ,  Mi .  
H u r o n ,  O h i o  
C c n n e a u t ,  O h i o  
B a r c e l o n a ,  N . Y .  
K e w e e n a w  W a t e r w a y ,
E a d g e l e y  I s l - ,  O n t .  
B r i t t ,  O n t .
C l a r k s c n ,  O n t .  
C o l l i n g w o o d ,  C n t -  
C u t l e r ,  O n t .
K i n g s t o n ,  O n t .  
L a k e v i e w ,  O n t -  
L i t t l e  C u r r e n t ,  O n t .  
M i c h i p i c o t e n ,  O n t .  
Owen S c u n d ,  C n t .
P o r t  D o v e r ,  O n t .  
P r e s c o t t ,  O n t .  
S e r p e n t  R i v e r ,  O n t .  
S t .  C a t h a r i n e s ,  O n t .  
M a c k i n a c ,  Mi -  
A s h l a n d ,  H i s .
S i l v e r  B a y ,  M i n n .  
I n d i a n a  H a r b o r ,  I n d .  
B u f f i n g t o n ,  I n d .  
D r u n m o n d  I s l a n d ,  Mi .  
G r a n d  H a v e n ,  f i i .
P o r t  W a s h i n g t o n ,  H i s .  
G r e e n  E a y ,  W i s .
P o r t  H u r o n ,  M i .
S t .  C l a i r ,  M i -  
M o n r o e ,  Mi .
P o r t  I n l a n d ,  K i .  
C h e b o y g a n ,  Mi -  
M a c k i n a c  C i t y ,  M i .  
M e n c m i r e e ,  M i -  
S a u l t  S t e .  M a r i e ,  Mi, 
E s c a n a b a ,  Mi -  
Oak  C r e e k ,  W i s .
P o r t  G y p s u m ,  H i .  
S a n d u s k y ,  O h i o  
L o r a i n ,  O h i o  
R o c h e s t e r ,  N - Y .  
H a r r i s v i l l e ,  K i .
Mi-
T a b l e  2 h :  I n i t i a l  C l a s s i f i c a t i o n  1 9 8 h :  G r o u p  2 P c r t s
M i d l a n d ,  O n t .
P a r r y  S o u n d ,  O n t .  
O s h a w a ,  O n t .
P o r t  C o l b o r n e ,  O n t .  
D e t o u r ,  Mi .  
C h a r l e v o i x ,  M i .  
S t u r g e o n  B a y ,  H i s .  
F a i r p o r t ,  O h i o  
A s h t a b u l a ,  O h i o
M o r r i s b u r g ,  O n t .  
S p r a g g e ,  O n t -  
E o w m a n v i l l e ,  C n t .  
M a n i s t e e ,  Mi -  
O n t c n a g o n ,  M i .  
M a n i t o w a c ,  W i s .
Two R i v e r s ,  W i s .  
P o r t  C l i n t o n ,  O h i o  
T r a v e r s e  C i t y ,  M i -
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C o r n w a l l ,  O n t .  
W i n d s o r ,  O n t .  
T h u n d e r  B a y ,  O n t .  
P o r t  S t a n l e y ,  O n t .  
H a m i l t o n ,  O n t .  
L a P c i n t e ,  W i s .  
C h i c a g o , 1 1 1 .  
L u d i n g t c n ,  Mi .  
K e w a u n e e ,  W i s .  
D e t r o i t ,  H i .  
F r a n k f o r t ,  Mi .  
M a c k i n a c ,  H i .
S t .  J a m e s ,  Mi- 
C l e v e l a n d ,  O h i o  
B u f f a l o ,  N. Y.
S a u l t  S t e .  M a r i e ,  O n t  
T o r o n t o ,  C n t .
T h o r o l d ,  C n t .
P e l e e  I s l . ,  C n t .
D e t r o i t  H a r b o r ,  W i s .  
D u l u t h - S u p e r i o r ,  M i n n . - W i s .  
B u r n s  W a t e r w a y ,  I n d .  
M i l w a u k e e ,  W i s .
S a g i n a w - E a y  C i t y ,  Mi-  
K e l l y * s  I s l . ,  O h i o  
K e n o s h a ,  W i s .
P u t - I n - B a y ,  O h i o  
T o l e d o ,  O h i o  
E r i e ,  E a .
O s w e g o ,  N.Y.
P c r t s
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T a b l e  2 6 : V a r i e t y  o f  C o m m e r c e :  C a n a d i a n  G r e a t  L a k e  P o r t s
1966
C o d e  C o m m o d i t i e s  P e r c e n t  o f  T o t a l  Number  c f
H a n d l e d  C o m m o d i t i e s  C a s e s
1 1 - 27 1 2 .  5 40
2 28  - 1C 8 3 7 .  5 5
3 109 - 189 3 7 . 5 3
4 190 - 2 17 12 .  5 0
T a b l e  2 7 : V a r i e t y  o f  C o m m e r c e :  U n i t e d  S t a t e s  G r e a t  L a k e s
P o r t s  1966
C o d e C o m m o d i t i e s P e r c e n t  o f  T o t a l Number  o f
H a n d l e  d C c m m c d i t i e s C a s e s
1 1 -  22 1 2 . 5 63
2 23  -  87 3 7 . 5 14
3 88 -  153 3 7 . 5 10
4 154 -  173 1 2 . 5 0
T a b l e  2 8 :  V a r i e t y  o f  C o m m e r c e :  C a n a d i a n  G r e a t  L a k e s  P o r t s
1984
C o d e  C o m m o d i t i e s  P e r c e n t  o f  T o t a l  Number  o f
H a n d l e d  C o m m o d i t i e s  C a s e s
1 1 - 1 0  1 2 . 5  40
2 1 1 - 4 2  3 7 . 5  5
3 4 3 - 7 4  3 7 . 5  2
4 7 5 - 8 4  1 2 . 5  0
T a b l e  2 9 : V a r i e t y  o f  C o m m e r c e :  U n i t e d  S t a t e s  G r e a t  L a k e s
P o r t s  1984
C o d e  C o m m o d i t i e s  P e r c e n t  o f  T o t a l  Nu mb e r  o f
H a n d l e d  C c m m o d i t i e s  C a s e s
1 1 -  20 1 2 . 5 66
2 21 -  80 3 7 . 5 11
3 81 -  140 3 7 . 5 2
4 141 -  159 1 2 - 5 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
A p p e n d i x  C 
POSTS IN OPEBATION FOR OWE STUDY YEAB
-  7 0  -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T a b l e  3 0 ;  P a r t s  O p e r a t i o n a l  O n l y  i n  1966
R a c i n e ,  W i s .  
M i c h i g a n  C i t y ,  I n d .  
A l g o n a c ,  Mi .
L e l a n d ,  Mi .
L i m e  I s l . ,  H i .
W h i t e  L a k e ,  H i .  
D u n k i r k ,  N. Y. 
B e l l e v i l l e ,  O n t .  
C o t o u r g ,  O n t .
D e p o t  H a r b o u r ,  C n t .  
P o r t  C r e d i t ,  O n t .  
P o r t  H o p e ,  O n t .  
W h i t b y ,  O n t .  
W a l l a c e t u r g ,  O n t .
G r a n d  M a r a i s ,  M i n n .  
H a n i s t i g u e ,  K i -  
H a r b o r  B e a c h ,  Mi .  
H a d d i n g t o n ,  N.Y.  
S o u t h  H a v e n ,  Mi .  
G r e a t  S o d u s  B a y ,  N.Y. 
S a c k e t s  H a r b o r ,  N . Y .  
B r o c k v i l l e ,  C n t -  
E r i e a u ,  O n t .
P o r t  B u r w e l l ,  O n t .  
P o r t  M a i t l a n d ,  O n t .  
T r e n t o n ,  O n t .
Bed  R o c k ,  O n t .  
W e l l a n d ,  C n t .
T a b l e  3 1;  p o r t s  o p e r a t i o n a l  O n l y  i n  1984
L a P o i n t e ,  Wis  
A l a b a s t e r ,  Mi .
P o r t  G y p s u m ,  Mi .  
B a r c e l o n a ,  N . Y .  
B a t h ,  O n t .
M e l d r u m  B a y ,  O n t .  
P e l e e  I s l . ,  O n t .  
S o m t r a ,  O n t .
S e r p e n t  R i v e r ,  O n t .  
B a d g e l e y  I s l . , C n t .
A l g c m a ,  W i s .
B u r n s  W a t e r w a y ,  I n d .  
M a c k i n a c  C i t y ,  M i -  
K e l l y ' s  I s l . ,  O h i o .  
B o w n a n v i l l e ,  C n t .  
N a n t i c c k e ,  O n t .
P e r t  D o v e r ,  C n t .  
L a k e v i e w ,  O n t .  
S p r a g g e ,  C n t .
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Table 32: Correlation Matrix: Development Group 1966
TONNAGE VARCCfl INGO OUTGO COASTGC FOSEGO TRANSITS DEPAPP
TONNAGE 1 . 0 0 0 0 0
VABCON 0 . 3 7 9 7 9 1 . C 0 0 0 0
INGO 0 . 6 0 6 7 9 0 . 3 0 6 9 5 1 . GO0 0 0
OUTGO 0 . 8 1 6 9 6 0 . 2 1 9 9 5 0 . 2 5 8 0 5 1 . 0 0 0 0 0
COASTGO 0 . 9 5 7 1 6 0 . 2 9 6 2 9 0 . 5 8 7 9 9 0 . 7 6 3 3 9 1 . 0 0 0 0 0
FOREGO 0 . 7 7 7 9 9 0 . 9 3 1 5 7 0 . 5 7 5 0 7 0 . 5 9 9 7 9 0 - 6 9 9 9 9 1 . 0 0 0 0 0
TRANSITS 0 . 9 6 8 1 0 0 . 2 3 6 5 5 0 .  11 90 2 0 . 0 9 1 8 9 0 . 9 9 0 9 9 0 . 2 7 7 9 6 1 . 0 0 0 0 0
DEPAPP 0 . 3 2 1 9 2 0 .  19 9 51 0 . 2 5 3 9 9 0 . 2 5 0 0 3 0 . 2 9 9 5 0 0 . 3 0 8 9 8 0 .  1 0 6 0 7 1 . 0 0 0 0 0
DEPDOCK 0 . 3 1 5 3 1 0 . 2 6 8 2 6 0 . 2 6  3 19 0 . 2 2 6 7 9 0 . 2 3 9 9 9 0 . 3 3 3 2 2 0 .  1 0 9 6 3 0 . 9 0 9 9 5
ADMIN 0 . 2 6 5 9 1 0 . 3 3 2 5 3 0 . 2 6 9 9 0 0 . 2 7 9  12 0 . 2 1 1 2 9 0 . 2 7 5 3 8 - 0 . 1 1 1 7 9 0 . 2 0 2 1 5
DEPDOCK
1 . 0 0 0 0 0  
0 . 2 0 0 3 8
CORRELATIONS WHICH CANNOT BE COMPUTED ABE PRINTED AS 9 9 . 0 .
Table 33: Correlation Matrix: Crossvalidation Group 1966
TONNAGE VABCCfl FOB FGO ADMIN
TONNAGE 1 . 0 0 0 0 0
VABCCfl 0 . 2 5 9 2 6  1 . C 0 0 0 0
FOREGO 0 . 6 2 6 6 3  0 . 3 0 6 7 6  1 . C 0 0 0 0
ADMIN 0 . 3 6 7 0 9  0 . 1 0 5 9 9  0 . 2 9 7 3 0  1 . 0 0 0 0 0
CORRELATIONS WHICH CANNOT BE COMPUTED ARF PBINTFD AS  9 9 . 0 .
ADMIN
1 . C 0 0 0 0
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Table 34: Correlation Matrix: Development Group 1984
t c n n a g e VABCCM INGC
TONNAGE 1 . COOOO
VARCCM 0 . 4 1 3 8 0 1 . COOOO
INGO 0 . 6 4 7 0 6 0 . 4 6 S 6 3 l' .  COOCO
OUTGO 0 . 7 6 7 8 3 0 .  1 2 8 7 0 0 . 0 2 4 5 4
COASTGO 0 . 9 5 0 7 2 0 . 4 0 1 0 7 0 . 6 0 3 5 5
ECBEGO 0 . 7 5 3 9 4 0 . 2 9 3 0 4 0 . 5 1 2 1 7
TRANSITS 0 . 2 1 8 0 9 0 . 2 0 6 1 0 0 .  24 182
IEPAPP 0 . 4 1 1 6 6 0 . 3 5 2 7 5 0 .  3 2 1 5 6
DEPDCCK 0 . 3 9 7 4 7 0 . 4 0 3 3 4 0 .  3 3 2 0 9
ADMIN 0 . 2 9 3 8 9 0 . 4 5 0 4 8 0 . 3 1 4 6 4
OUTGO
1. 0 0 0 0 0  
0 . 7 2 9 4 9  
0 . 5 9 0 8 0  
■ 0 . 0 0 9 3 3  
0 . 2 9 3 6 5  
0 . 2 4 3 9 2  
0 . 1 3 2 9 2
COAST GC FOBEGO
1 . 0 0 0 0 0  
0 . 5 2 1 6 2  
0.. 24  4 97 
0 . 3 9 1 3 6  
0 . 3 6 4 6 5  
0 . 3 2 3  13
CORRELATIONS WHICH CAHNOT BE COMPUTED ABE POINTED AS 9 9 . 0 .
1.00000 
0 . 0 7 9 4 2  
0 . 3 2 4 0 1  
0 . 3 1 7 0 2  
0 .  1 4 2 3 5
THANSITS DEPAPP
1 . 0 0 0 0 0  
- 0 . 0 1 4 6 8  
- 0 . 0 2 0 7 0  
- 0 . 0 8 6 7 1
DEPDOCK
1 . 0 0 0 0 0
0 . 9 1 0 3 9
0 . 3 9 9 9 8
1 .000 00
0 . 4 3 0 9 9
Table 35: Correlation Matrix: Crossvalidation Group 1984
FOREGO VARCCB DEFCOCK ADMIN
FORECO 1 . C 0 0 0 C
VARCCM 0 . 2 9 0 2 9  1 . ( 0 0 0 0
DEPDCCK 0 . 4 0 6 9 5  0 . 6 0C 9 6  1 . 0 0 0 0 0
ADMIN - 0 . 1 3 1 4 4  O.COOOO - 0 .  1 2 5 8 9  1 . 0 0 0 0 0
CORRELATIONS WHICH CANNOT BE COMPUTED ARE PRINTED AS 9 9 . 0 ,
ADMIN
1 .00000
"4A
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Table 36: Development Group 1966:Groups and Discriminant Scores
-  CASE ACTUAL HIGHEST PBOBABILITT 2ND HIGHEST DISCBIHINANT
SEQNUH GBOUP GBODP P [D/GJ P JG/D) GBOUP P [G/D) SCOBES. •  •
1 KEBEENAB BATEBBAT, HI . 1 0 . 9 1 5 4 0 . 5 1 2 3 2 0 . 4 3 2 3 - 0 . 7 5 6 8 0 . 0 3 9 3
2 DOLDTH-SOPEBICH, HINN. 3 0 . 2 9 1 7 0 . 9 7 9 6 1 0 . 0 1 6 0 2 . 3 4 3 3 - 0 . 5 9 6 7
3 TBC HAEBOBS, HI S. 1 0 . 7 8 5 3 0 . 6 4 9 2 2 0 . 2 2  16 - 0 . 2 9 4 0 - 0 . 8 7 4 3
4 ASHLAHC, B I S . 1 0 . 9 2 9 6 0 . 5 2 1  1 2 0 . 4 2 2 2 - 0 . 7 3 7 1 - 0 . 0 0 2 3
5 HAEQOETTE, H I . 1 0 . 9 6 7 4 0 . 5 5 0 6 2 0 . 3 3 2 6 - 0 . 6 5 9 5 - 0 . 1 5 7 1
6 GBAMD HABAIS,  SINN. 1 0 . 9 1 6 8 0 . 5 1 3 5 2 0 . 4 3 1 9 - 0 . 7 5 5 1 0 . 0 3 5 6
7 ONTONAGON, H I . ** 1 0 . 9 1 6 7 0 . 5 1 3 5 2 0 . 4 3  19 - 0 . 7 5 5 2 0 . 0 3 5 8
8 TACONITE, HINN. 1 0 . 3 5 5 6 0 . 6 7 5 7 3 0 . 2 0 6 9 0 . 0 2 9 7 - 1 . 5 5 9 0
9 GLADSTONE, H I . 1 0 . 9 2 5 4 0 . 5 1 8 5 2 0 . 4 2 5 5 - 0 . 7 4 3 3 0 . 0 1 0 6
10 BENOHINEE, H I . 3 0 . 3 2 6 3 0 . 5 0 7 6 1 0 . 2 9 5 3 0 . 7 8 6 3 0 . 0 3 5 3
11 GEEEN EAT,  H I S . ** 3 0 . 3 6 9 5 0 . 3 0 1 5 1 0 .  1703 1 . 5 1 9 1 - 1 . 3 6 9 6
12 STOBGECN EAT, B I S . * • 3 0 . 4 6 0 2 0 . 7 6 9 9 1 0 .  1925 1 . 4 0 8 9 - 1 . 2 0 8 2
13 KIBAONEB, H I S . 3 0 . 6 1 1 5 0 . 9 5 2 5 1 0 . 0 3 3 1 2 . 3 7 2 1 - 0 . 1 7 3 3
14 HANITCHAC, H I S . 3 0 . 0 8 0 6 0 . 9 3 5 0 1 0 . 0 1 3 4 3 . 0 5 4 3 - 1 . 4 9 2 1
15 SBEBOTGAN, H I S . 1 0 . 9 3 0 5 0 . 5 2 1 7 2 0 . 4 2 1 4 - 0 . 7 3 5 6 - 0 . 0 0 5 2
16 EOBT BASHIHGTOH, B I S . 1 0 . 9 4 3 4 0 . 5 3 0 3 2 0 . 4 1 0 2 - 0 . 7 1 5 0 - 0 . 0 4 9 3
17 BADKEGAH, I L L . 1 0 . 5 6 7 3 0 . 6 6 4 9 3 0 .  1 727 - 0 . 1 0 4 9 - 1 . 2 0 9 0
18 CHICAGO, I L L . 3 0 . 0 1 1 5 0 . 9 9  86 1 0 . 0 0 1 1 4 . 3 2 0 6 - 0 . 6 1 2 7
19 KENOSHA. B I S . * * 1 0 . 5 9 7 2 0 . 6 6 3 2 2 0 .  1692 - 0 . 1 2 5 9 - 1 . 1 6 4 5
20  MICHIGAN C U T ,  I ND. 1 0 . 9 1 6 2 0 . S 1 3 2 2 0 . 4 3 2 3 - 0 . 7 5 5 8 0 . 0 3 7 1
21 BACINE, B I S . ** 1 0 . 9 2 0 0 0 . 5 1 5 4 2 0 . 4 2 9 5 - 0 . 7 5 0 7 0 . 0 2 6 4
22  THO BIVEBS,  HI S . •  * 1 0 . 9 2 0 2 0 . 5 1 5 5 2 0 . 4 2 9 4 - 0 . 7 5 0 5 0 . 0 2 6 0
23 BOFFIIGTON, IND. 1 0 . 3 6 1 7 0 . 6 3 2 2 2 0 .  24 90 - 0 . 3 3 9 4 - 0 . 7 2 9 5
24 ESCANABA, H I . 1 0 . 8 4 6 3 0 . 6 4  19 2 0 . 2 9 5 2 - 0 . 3 7 6 7 - 0 . 7 6 4 7
25 GABT, IND. * • 2 0 . 9 0 9 7 0 . 6 1 7 2 1 0 . 2 9 5 9 - 0 . 3 2 4 6 1 . 0 9 8 2
26 SADLT STE NABIE,  HI . 1 0 . 9 1 7 4 0 . 5 1 1 4 2 0 . 4 3 3 3 - 0 . 7 4 7 1 0 . 0 4 4 9
27 DBOHRCND I S L . ,  H I . 1 0 . 9 6 2 8 0 . 5 3 1 9 2 0 . 4 0  13 - 0 . 6 4 9 8 - 0 . 0 6 5 8
28 BANISTIQOE. H I . * * 3 0 . 8 2 6 5 0 . 5 1 1  1 1 0 . 3 0 0 0 0 . 7 8 9 2 - 0 . 0 2 8 1
29  FBANKFOBT, H I . 3 0 . 5 9 0 7 0 . 9 5 4 5 1 0 . 0 3 2 2 2 . 3 9 5 5 - 0 . 2 2 2 9
30 HANISTEE, H I . ** 1 0 . 9 3 5 6 0 L5246 2 0 . 4 1 7  5 - 0 . 7 2 7 3 - 0 . 0 2 0 2
31 HUSKEGON, H I . 3 0 . 3 5 4 1 0 . 5 3 4  1 1 0 . 2 7 9 6 0 . 9 3 4 5 - 0 . 2 7 2 2
32  ALPENA, H I . 1 0 . 9 7 6 0 0 . 5 7 2 3 2 0 . 3 5 3 3 - 0 .  fa 043 - 0 . 2 7 7 6
33 SAGINAH-BAT c i t t ,  HI . 3 0 . 8 9 6 6 0 . 6 3 7 9 1 0 . 2 4 4 3 1 . 0 5 6 5 - 0 . 2 7 5 9
34 POST BOSON, H I . ** 3 0 . 3 3 8 7 0 . 5 2 2 9 1 0 . 2 9  37 0 . 9 1 4 3 - 0 . 0 3 3 8
35  HABTSTILLE, H I . 1 0 . 9 3 4 9 0 . 5 2 4 5 2 0 . 4 -17 8 - 0 . 7 2 9 1 - 0 . 0 1 9 3
36 DETBOIT, HI . 3 0 .  114 5 0 . 9  8 8 6 2 0 . 0 0 5 9 3 . 2 5 7 4 0 . 9 8 4 1
37 TCLEDO, OHIO 3 0 . 0 0 3 2 0 . 9 9 3 8 2 0 . 0 0 4 8 3 . 8 5 2 8 2 . 3 8 2 2
38  ALGCNAC, HI . 1 0 . 9 1 5 8 0 . 5 1 3 0 2 0 . 4 3 2 6 - 0 . 7 5 6 3 0 . 0 3 9 2
39 CBABLETOIZ, H I . 1 0 . 9 1 8 7 0 . 5 1 4 6 2 0 . 4 3 0 5 - 0 . 7 5 2 5 0 . 0 3 0 2
40  CBBBOTGAN,  H I . 1 0 . 9 1 9 6 0 . 5 1 5 1 • 2 0 . 4 2 9 8 - 0 . 7 5 1 3 0 . 0 2 7 6
41 BABBOS BBACH, HI . 1 0 . 9 1 6 9 0 . 5 1 3 6 2 0 . 4 3 1 9 - 0 . 7 5 4 9 0 . 0 3 5 1
42  BABBISTILLE,  HI . 1 0 . 9 1 8 9 0 . 5 1 4 e 2 0 . 4 3 0 3 - 0 . 7 5 2 2 0 . 0 2 9 5
43 HOLLAND, HI . ** 1 0 . 9 2 4 0 0 . 5 1 7 7 2 0 . 4 2 6 6  - - 0 . 7 4 5 2 0 . 0 1 4 8
44 LELANC, H I . 1 0 . 9 1 7 1 0 . 5 1 3 7 2 0 . 4 3 1 7 - 0 . 7 5 4 6 0 . 0 3 4 7
45 L1BE I S L . ,  H I . 1 0 . 9 2 4 7 0 . 6 1 6 9 2 0 . 2 8 0  9 - 0 . 4 3 2 1 - 0 . 5 8 2 2
46 BACKIIAC, H I . ** 1 0 . 9 1 5 6 0 . 5 1 2 9 2 0 . 4 3 2 7 - 0 .  7566 0 . 0 3 8 9
47  HABINE C I T T ,  HI . 1 0 . 9 1 9 6 0 . 5 1 5 1 2 0 . 4 2 9 9 - 0 . 7 5 1 3 0 . 0 2 7 7
48 HCHBQE, HI . 1 0 . 5 9 6 4 0 . 6 6 3 3 2 0 .  1691 - 0 .  1254 - 1 . 1 6 5 8
49 POST CLINTON, CBIO * * 1 0 . 9 1 6 9 0 . 5 1 3 6 2 0 . 4 3  IS - 0 .  7549 0 . 0 3 5 2
50 P O T - I I - B A T ,  OHIO •  • 1 0 . 9 1 5 3 0 . 5 1 3 0 2 0 . 4 3 2 6 - 0 . 7 5 6 3 0 . 0 3 9 2
51 SCOTH HATEN, HI . 1 0 . 9 1 8 0 0 . 5 1 4 3 2 0 . 9 3 1 0 - 0 . 7 5 3 4 0 . 0 3 2 0
52 ST.  JAHES,  H I . •  • 1 0 . 9 1 5 5 0 . 5 1 2 8 2 0 . 4 3 2 9 - 0 . 7 5 6 8 0 . 0 3 9 2
«* DENOTE HI SCLASSIFI ED C SES
NOTI:  THE ABOTE BESULTS H I  NCT COBBESPOND TO THE GEO OP SCATTEBPLOTS
DOE TO OVEBPBINTING OF CASES
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ZJ
CD■o—soQ.C
o
CD
Q.
■o
CD
C/)C/)
CD
OO■o
3.
CD-5
CD■o-5o
Q.Ca
o
■o
o
CD
Q.
"O
CD
C/)C/)
o »4
a  a
H to*
O D  
Oo  < ra ra 
rqen cd *n ra» 0) 
h  a  
x  r*  •-I H 
H  I/)
xa a
to* 
Cl *4
a  
n  n  to* H
0m n l/ l o  
to  
X  
ra c/i »0 
o
HO
Hatd
O
c*o
i/i
n►*H
H
n
x
♦o
HO►i
0
• vo VO \o vO VO vO vO VO to VO CD CD CD 03 CD X ca 0 x A toj toj " j O' 0 O' O' O' O' O' Os 0 O' 0 0 0 0 0 0 0
• o O  ©  *0 cd o 0 4* Ui O to CD *4 O' C/1 o u to O vO 0 toj O' in 43 w Kl •« O 0 o *4 O' Ol £: Ui IvJ «•* o 0 0 *4 o 0 « 0
M ^  o
a o 14 H 01 *o ra ra *o m ra ra HI *D r a o o o X X X a M n o o n n a  u to* X 0 a o  o Cl « i ra ra o X ra a 0 X n *4
M n a ►4 o n ca tan n a O o O n a M to* X to to* M M M to* X a o o n H tol H X X to* a Cl 0 as n a X n 0 to* a to* X to* X
X a o  x  x to o x to n to X w to to a n X to a X a X X X M H a a to* H a a n X O X ra O ra H X a H X X X t“» to*
o H t o n z O x X 01 H H H H t-i H X •4 X X to* < t* Cl ci M M t* X a o X ►4 ra D X X ra ra to* a ra ra X H X n o a n ra
H H a  x X z o H n a O *4 X M to* 0 t/i r< to* to *4 o o X *4 ra X M w H X  Cl ♦4 W to* n X *a X a t* H ra
M m *4 to* *4 M to* r» f/i en tm at n m m X I/I to* l-» -* *-i *4 a tn *1 ca ca (A to IA CM*4 to 0  O 0 »-* to* ra n to in ra *4 X
*4 t f l o h o t? to ►4 H O a to* o a to « to o to J-* o H n O * « X X a n M 4 Cl 0 Pi 0 * W H o  ra a a X X a ra 0
a « to x f to to H to* ra X H r* to O a M « H X X M M • X o CO *4 to a O M to >* •4 r* *4 o *4 M raM a to O to X X H H to X CO o a X o to H to to O O Cl to X h a O a x  x o  X • « to* « a » X
0 o x n n X f O t-* o ra to* X X a *6 n w X X EC n (4 X X X to* X Cl • a » X « M o  a Qn z ci o  O X  X H O n O to* X H *4 H o H O X to o  o H R H O x  o  * to Cl to X • *  *0 0 • O O O O H H
t-* H C S C H H • X *0 o r* X X r» • • x  H X  X • • to X 4 X to a K • X  *4 a O a m • *4
>• • *4 H  • • H X t-* a to to n H  • O • H o X o • X r a  • I H a H M O •4
01 n • • • H to to o n M • X • • r> • • X  o • X • to* *4 O M O o  a *
Ol ae n « n X M *4 X H X *4 •4 N * o M
H X O  O O  x H H  • • H • H • • • o X
►4 • •4 « S K H * • • % X H
M • H H H * • X •
ra • • • •
a • H•
n
to* Ki
01
to • • ft • « • ft f t ft ft ft ft ft • * ft
0) * • f t f t • ft f t ft f t ft ft ft ft • • ft
0 U J  u i *  » >  s j  w m u ’ « u j «  
K ) « O C O c O « J A ^ i a ) C 9 t O O M K ) ( a ^ « O U 9 ( U l U I « « « J l d U l f f 9 * ^ K )•o ia
I I I I..................... i i i i i i i i i i i i i i  i i i i i i i i i i i i i • i *  JL J *o o o o K p o o o o o o o o o u i o o o o o o o o K j O p o o p o o p o o p o K i  — o--{J-«-*pooppop 
^*gk,i^gs4(O^UiaisJ<g^C<«jNj^CJ»JC£^siUlvl-«vJvisJsJcaO «s|^  0***0'%)s)sJO'K/«J
utuimiflW*>)0'<>4c/'c«ctf»0‘CD^-iu*u/u/)«j0'ui‘«4'Jtu,ommcN<Mfluiuico a>y -* c *,J P £ °  P f[aaac):ctJO'C^iL)j^ccocr«kONJUisju:^Ckfluoo-ocfiU)'£UiUui»oo c»o
CASH 
ACTUAL 
HIGHEST 
PBO
BA
BILITT 
2ND 
HIGHEST 
D
ISC
B
IH
IH
IN
T
 
SEQEUH 
GBOUP 
GBOUP 
P 
(D/G) 
P{G
/D
) 
GBOUP 
P 
(G
/D
) 
SC
O
B
E
S...
78
Table 37: Crossvalidation Group 1 9 6 6 :Groups and Discriminant Scores
-  CASK ACTUAL HIGHEST PBOBABILITT 2ND HIGHEST DlSCSIfl lNAN I
SEQUaa GROUP GROUP p :d / g ) P t G / D ) GROUP p ;g/ d ) SCCflES. • •
1 PRESQUE I S L E ,  HI .  1 1 0 . 9 7 7 1 0 . 9 4 7 1 2 0 . 1 5 2 9 - 1 . 3 2 6 5 - 0 . 3 0 5 0
2 B A I P I E I D ,  R I S .  1 1 0 . 9 0 5 3 0 . 8 4 9 3 2 0 .  1 507 - 1 . 2 4 3 7 - 0 . 2 5 4 4
2  SILVER BAT, HINN. 1 1 0 . 4 8 3 0 0 . 9 9 3 9 2 0 . 0 0 6 1 - 1 . 3 6 6 5 1 . 37 84
4 HILHAUKEE, B I S .  3 3 0 . 0 0 6 0 1 . 0 0 0 0 2 0 . 0 0 0 0 6 . 1 9 3 4 2 . 4 1 9 9
5 INDIANA HARBOR, I N D .  3 3 0 . 0 8 2 2 0 . 9 9 6 3 1 0 . 0 0 3 3 2 . 5 0 3 3 1. 375o
6 DETROIT HARBOR, B I S .  1 1 0 . 9 0 5 6 0 . 8 4 9 5 2 0 .  1505 - 1 . 2 4 8 8 - 0 . 2 5 4 1
7 OAK CHEEK, H I S .  1 1 0 . 7 6 9 0 0 . 9 7 8 0 2 0 . 0 2 2 0 - 1 . 0 3 9 4 0 . 3 9 6 7
8 DETOUR, H I .  1 1 0 . 9 1 6 0 0 . 8 5 6 e 2 0 .  1 4 3 / - 1 . 2 5 2 3 - 0 . 2 2 6 7
9 LUDISGTON, H I .  3 3 0 .  1647 1 . 0 0 0 0 2 0 . 0 0 0 0 5 . 7 5 9 6 0 . 6 9 2 4
10 GRAND RAVEN, HI .  1 1 0 . 9 1 9 9 0 . 9 6 5 4 2 0 . 1 3 4 6 - 1 . 2 9 0 2 - 0 .  21 Do
11 ST.  JOSEPH,  H I .  2 ** 1 0 . 6 6 8 9 0 . 6 9 9 2 2 0 . 3 0 0 8 -  1 . 2 6 0 7 - 0 . 7 0 7 2
12 ST.  CLAIR,  H I .  1 1 0 . 9 9 3 1 0 . 9 4 0 1 2 0 . 0 5 9 9 - 1 . 2 8 6 3 0 . 2 4 0 9
13 HBITE LAKE, H I .  1 1 0 . 9 0 6 5 0 . 9 5 0 1 2 0 .  1499 - 1 . 2 4 9 9 - 0 . 2 5 1 9
14 PORT DOLOHITE, H I .  1 1 0 . 7 0 3 8 0 . 9 8 2 6 2 0 . 0 1 7 4 -  1 . 0 4 7 8 1 . 0 1 3 6
15 PCHT INLAND, HI .  1 1 0 . 6 6 3 6 0 . 9 8 4 9 2 0 . 0 1 5 1 - 1 . 0 5 2 8 1 . 0 82 6
16 STONEPORT, H I .  1 1 0 . 4 7 5 7 0 . 9 9 2 1 2 0 . 0 0 7 9 - 1 . 0 7 5 7 1 . 4 0 0 5
17 LCHAII ,  OHIO 1 1 0 . 9 6 0 3 0 . 8 9 9 7 2 0 .  1003 - 1 . 3 2 3 5 - 0 . 0 6 0 9
19 CLEVELAND, OHIO 3 3 0 . 0 4 9 0 1 . 0 0 0 0 2 0 . 0 0 0 0 5 . 9 3 8 2 -  1 . 2 64 0
19 EHOCKVILLE, ONT. 1 1 0 . 9 0 3 6 0 . 9 4 8 3 2 0 . 1 5  17 - 1 . 2 4 9 0 - 0 . 2 5 9 1
20 CARDINAL, ONT. 1 1 0 . 9 2 7 1 0 . 9 5 5  1 2 0 . 0 4 4 9 - 1 . 0 1 5 6 0 . 5 3 7 4
21 CCLLIRGHOOD, CNT. 1 1 0 . 9 0 7 7 0 . 8 5 1  1 2 0 . 1 4 8 9 - 1 . 2 5 0 0 - 0 . 2 4 H 6
22 DEPOT HARBOUR, ONT. 2 •  * 1 0 . 5 1 9 1 0 . 5 8 9 2 2 0 . 4 1  19 - 1 . 2 6 7 3 - 0 . 9 5 5 3
23 GCDERICH, ONT. 1 1 0 . 8 4 3  1 0 . 8 1 3 3 2 0 .  1867 - 1 . 2 6 3 3 - 0 . 3 9 2 4
24 LITTLE CURRENT, ONT. 1 1 0 . 8 5 4 7 0 . 7 8 7 1 2 0 . 2 1 2 9 - 1 . 0 3 9 7 - 0 . 3 5 5 7
25 HARATBCN, ONT. 1 1 0 . 9 7 2 6 0 . 9 3 7 4 2 0 . 0 6 2 6 - 1 . 0 2 1 2 0 . 3 5 9 5
26 RICH I  PICO TE N, CNT. 1 1 0 . 9 8 2 1 0 . 9 2 9 3 2 0 . 0 7 0 7 -  1 . 0 2 3 8 0 . 2 9 1 2
27 PORT CREDIT,  ONT. 3 * * 2 0 . 0 5 8 9 0 . 8 3 9 6 3 0 .  1583 2 . 2 0 6 3 - 2 . 2 9 1 ’
23 RED RCCK, ONT. 1 1 0 . 9 0 6 1 0 . 3 4 9 9 2 0 .  1501 - 1 . 2 4 9 9 - 0 . 2 5 2 3
29 ST.  CATHARINES, ONT. 1 1 0 . 9 5 7 7 0 . 9 4 5 4 2 0 . 0 5 4 6 -  1. 0207 , 0 . 4 3 1 4
30 SAULT STB HA R I I ,  ONT. 2 2 0 . 0 1 1 3 0 . 9 9 0 8 3 0 . 0 0 9 1 2 .  1 oJ9 - 3 . 7 3 8 5
31 b a l l a c e b u r g l ,  o n .  1 1 0 . 9 9 6 5 0 . 3 4  3 9 2 0 . 1 5 6 1 - 1 . 2 4 9 6 - 0 .  2 764
32  BELLA ID,  ONT. 3 • 3 0 . 2 4 3 3 0 . 9 4 0 9 2 0 . 0 4 9 5 2 . 2 7 1 4 - 0 . 7 7 2 1
33 BINDSCR, ONT. 3 
«* DENOTE BISCLASSI PIED CASES
3 0 . 4 1 8 2 0 . 9 9 4 9 2 0 . 0 1 3 8 2 . e 7 9 0 - 0 . 2 4 2 5
NOTE: THE ABOVE RESULTS HAT NCT CORRESPOND TO THE GFCUP SCATTERPLOTS 
DUE TO OVERPRINTING CP CASES
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Table 38: Development Group 1984: Groups and Discriminant Scores
-  CASE ACTUAL HIGHEST PBOBABILITT 2ND HIGHEST DISCBIHXNANT
SEQNUH GBOUP GBOUP P JD/G) P [G/D) GBOUP p ;g/ dj SCCuES. • •
1 DULUTH-SUPEHICB, HINN. 3 3 0 . 0 9 3 9 0 . 9 9 5 5 2 0 . 0 0 7 5 3 . 0 3 5 2 1. 7 2 6 e
2 THC HABBOBS, H IS . 1 ** 2 0 . 8 2 0 2 0 . 5 6 0 2 1 0 . 4 1 2 5 - 0 . 7 o50 0 . 99b4
3 ASHLAND, H I S . 1 1 0 . 6 0 7 5 0 . 5 1 6  S 2 0 . 4 7 2 1 - 1 . 2 9 2 6 - 0 . 4 6 5 2
4 B A I F I E I D ,  H I S . 1 1 0 . 6 3 6 7 0 . 4 8 5 3 2 0 . 3 2 0 7 0 . 1 7 9 0 - 0 . 3 0 7 1
5 LA POINTS,  H I S . 3 * * 1 0 . 6 3 6 7 0 . 4 8 5 3 2 0 . 3 2 0 7 0 . 1 7 9 0 - 0 . 9 0 7 1
6 SIL7EB BAT, HINN. 1 ** 2 0 . 8 2 0 2 0 . 5 6 0 2 1 0 . 4 1 2 5 - 0 . 7 6 5 0 0 . 8 8 6 S
7 TACOHITE,  HINN. 1 * * 2 0 . 9 4 3 5 0 . 5 5 2 7 1 0 . 4 1 4 8 - 0 . 6 7 9 7 0 . 9 6 7 1
8 HAUKEGAH, I L L . 1 * • 2 0 .  1388 0 . 5 3 2 3 1 0 . 2 9 5 9 0 . 2 9 b 1 2 .  1174
9 CHICAGO, I L L . 3 0 . 0 2 9 4 0 . 9 9 8 6 1 0 . 0 0 1 0 4 . 0 7  14 -  1 . 0 0 4 8
10 INDIANA HABBOB, IND. 1 ** 3 0 . 9 5 6 1 0 . 8 5 8 9 1 0 . 0 8 0 0 1 . 7 9 1 3 0 . 2 5 3 4
11 BUBNS HATEBHAT, IND. 3 0 . 7 5 9 1 0 . 9 1 6 6 1 0 . 0 4 5 3 2 . 0 9 3 0 0 . 5 7 9 5
12 BUFFINGTON, IND. 1 * * 2 0 . 8 5 7 8 0 . 5 4 4 6 1 0 . 4 1 5 9 - 0 . 5 8 3 8 0 . 3 5 5 0
13 GABT, IND. 1 ** 2 0 . 9 2 6 2 0 . 5 5 3 6 1 0 . 4 1  13 - 0 . 6 3 9 9 . 0 . 9 1 1 7
14 PHESQUE I S L E ,  HI . 1 * * 2 0 . 7 9 8 2 0 . 4 9 2 8 1 0 . 4 9 0 3 - 1  . 0 6 4 3 - 0 . 0 9 3 7
15 DEUHHCND I S L . ,  H I . 1 1 0 . 7 8 2 8 0 . 5 2 6 6 2 0 . 4 4 9 3 - 0 . 9 1 1 1 - 0 . 5 0 8 2
16 TEAVEHSE C I T T ,  H I . 2 ** 1 0 . 7 1 3 6 0 . 5 0 7 4 2 0 .  3 4 8 5 0 . 0 0 6 6 - 0 . 7 6 4 4
17 HANISIEE,  H I . 1 0 . 7 5 4 5 0 . 5 2 9 4 2 0 . 4 4 8 0 -0 . 9* *56 - 0 . 5 4 5 4
13 GBAND HAVEN, HI . 1 1 0 . 8 2 0 8 0 . 5 2 2 5 2 0 . 4 5  11 - 0 . 9 6 2 6 - 0 . 4 5 5 2
19 HOLLAND, HI . 1 1 0 . 7 5 7 1 0 . 5 2 9 2 2 0 . 4 4  9 1 - 0 .  9424 - 0 .  5424
20 ST.  JOSEPH,  H I . 1 1 0 . 8 0 1 1 0 . 5 3 3 4 2 0 .  •* . 4 7 - 0 . 7 7 4 9 - 0 . 5 3 5 -
21 HILHAUKE8, H I S . 3 0 . 8 5 5 0 0 . 8 8 2 4 1 0 . 0 0 4 7 1 . 9 0 4 2 0 . 4 9 0 1
22 POBT HASHINGTCN, HIS. 1 1 0 . 8 0 1  1 0 . 5 3 3 4 2 0 . 4 3 4 7 - 0 . 7 7 4 9 - 0 . 5 8 5 6
23 SHEBOTGAN, H I S . 1 1 0 . 8 0 3 2 0 .  533  1 2 0 . 4 3 4 8 - 0 . 7 7 2 2 - 0 . 5 3 2 6
24 KEHAUHEE, H I S . 1 1 0 . 8 2 7 3 0 . 5 3 4 7 2 0 . 4 1 1 4 - 0 . 5 1 3 2 - 0 . 6 4 6 4
25 POBT HUBOH, HI . 1 1 0 . 0 3 5 4 0 . 4 8 4 3 '3 0 . 3 4 4 2 0 . 5 0 9 7 - 2 . 4 6 3 2
26 ALPENA, H I . 1 1 0 . 7 5 5 1 0 . 5 2 9 4 2 0 .  4 4 8 0 - 0 . 9 4 4 d - 0 . 5 4 5 1
27 HABTSVILLE, H I . 1 1 0 . 6 0 6 1 0 . 5 1 6 8 2 0 . 4 7 2 3 - 1 . 2 9 5 5 - 0 . 4 6 4 5
29 HABINE C I T T ,  HI. 1 1 0 . 6 0 6 1 0 . 5 1 6 8 2 0 . 4 7 2 3 -  1 . 2 9 5 5 - 0 . 4 6 4 4
29 DETROIT,  HI . 3 3 0 . 0 2 4 2 0 . 9 9 8 4 1 0 . 0 0 1 2 4 . 0 1 4 9 - 1 . 2 e 9 0
30 KELLT'S I S L . ,  OHIO 3 ** 1 0 . 5 4 9 4 0 . 4 5 3 8 2 0 . 2 8 8 5 0 . 3 5 4 4 - 0 . 8 4 8 1
31 POBT INLAND, HI . 1 • * 2 0 . 9 7 2 1 0 . 5 3 5 9 1 0 . 4 1 7 9 - 0 . 5 0 6 1 0 . 9 2 6 4
32 DETOUB, H I . 2 ** 1 0 . 6 4 8 4 0 . 5 2 0 4 2 0 . 4 6 6 4 - 1 . 2 0 7 3 - 0 . 4 3 5 0
33 ALGOHA, H I S . 1 1 0 . 5 5 0 9 0 . 4 5 4 4 2 0 . 2 8 9 0 0 . 3 5 1 5 - 0 . 8 4 7 5
34 CHAHLEVOII,  HI . 2 ** 1 0 . 9 2 7 3 0 . 5 3 4 7 2 0 . 4 1 1 4 - 0 . 5 1 3 2 - 0 . 6 4 6 4
35 DETBOIT HABBOB, H I S . 3 ** 1 0 . 5 0 5 6 0 . 4 3 5 4  • 3 0 . 2 9 3 0 0 . 4  397 - 0 . 8 6 3 0
36 FBANKFOBT, H I . 1 1 0 . 8 1 6 0 0 . 5 3  4 5 2 0 . -4 2 75 - 0 . 6 6 9 6 - 0 . 6 0 5 4
37 KENOSHA, H I S . 3 ** 2 0 . 1 4 8 3 0 . 5 9 6 3 1 0 . 3 0 7 6 0 . 0 2 4 4 2 .  1732
38 BACKINAC, H I . 1 1 0 . 7 7 3 4 0 . 5 2 2 6 2 0 . 3 7 2 7 - 0 .  1690 - 0 . 7 2 6 4
39 HAHQUETTE, H I . 1 1 0 . 6 0 6 1 0 - 5 1 6 8 2 0 . 4 7 2 3 - 1 . 2 9 5 5 - 0 . 4 6 4 5
40 ONTONAGON, H I . 1 1 0 . 9 1 2 7 0 . 5 3 1 2 2 0 . 3 9 3 6 ■ - 0 . 3 4 2 5 - 0 . b 9 6 1
41 PUT- IN- BAT,  OHIO 3 ** 1 0 . 7 7 3 4 0 . 5 2 2 6 2 0 . 3 7 2 7 - 0 . 1 6 9 0 - 0 . 7 2 6 4
42 SAULT STB HABIE,  H I . 1 1 0 . 7 5 4 5 C . 5 2 9 4 2 0 . 4 4 3 0 - 0 . 9 4 5 6 - 0 . 5 4 5 9
43 ST.  JAHES,  H I . 1 1 0 . 7 7 3 4 0 . 5 2 2 6 2 0 . 3 7 2 7 - 0 . 1 6 9 0 - 0 . 7 2 6 4
44 STURGEON BAT, H I S . 2 0 . 1 3 8 8 0 . 5 3 2 3 1 0 . 2 9 5 9 0 . 2 8 6 1 2 .  1174
45 AIABASTBB, H I . 1 «* 2 0 . 8 7 3 3 0 . 5 1 6 C 1 0 . 4 1 8 2 —0 . 3  298 0 . 7 8 5 3
46 CALCITE,  HI . 1 ** 2 0 . 9 6 1 3 0 . 5 4 4 5 1 0 . 4 1 6 6 - 0 . 5 9 1 5 0 . 94ob
47  BSCANABA, H I . 1 1 0 . 5 6 3 5 0 . 5 1 3 0 2 0 . 4 7 7 8 - 1 . 3 3 0 8 - 0 . 4 4 4  7
48 HABBLEHEAD, OHIO 1 1 0 . 7 8 0 4 0 . 5 3  16 2 0 . 4 4  15 - 0 . 8 6 0 3 - 0 . 5 6 5 7
* •  DENOTE HI SCLASSIPI EO CASES
NOTE: THE ABOVE BESULTS HAT NOT COBBESPOND TO THE GEOUP SCATTEBPLOTS
DUE TO OVEBPHINTING CF CASES
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Table  3 8 - c o n t i n u e d
-  CASE ACTUAL HIGHEST PROBABILITY 2ND HIGHEST DISCRIHINANT
SEQNUH GROUP GBOUP P [D/GJ p ;g / dj GROUP p ;g / d ) SCORES. • •
49 OAK CREEK, V I S . 1 * * 2 0 . 7 2 5 6 0 . 4 3 3  1 1 0 . 3 9 3 4 0 . 1 3 7 9 0 . 6 6 5 4
50 PCRT GTPSUH, H I . 1 * • 2 0 . 7 9 6 8 0 . 4 6 5 7 1 0 . 4 0 7 1 0 . 0 1 4 4 0 . 7 0 5 7
51 STONEFOBT, H I . 1 * • 2 0 . 8 6 1 3 0 . 5 4 4 5 1 0 . 4 1 6 6 - 0 . 5 9 1 5 0 .  94 6o
52 TCLEDC, OHIO 3 3 0 . 0 9 4 7 0 . 9 9 4 4 2 0 . 0 0 9 0 2 . 9 9 7 b 1 . 6 9 5 3
53 SANDUSKY, OHIO 1 ** 3 0 .  1 389 0 . 7 1 9 4 1 0 . 2 0 3 4 1 . 2 9 6 6 - 1 . 9 5 1 2
54 LCBAIN, OHIO 1 1 0 . 6 0 9 8 0 . 5 0 9 1 2 0 . 4 8 0 7 - 1 . 3 2 3 1 - 0 . 3 8 1 6
55 CIEVELAND, OHIO 3 3 0 . 7 5 6 9 0 . 3 9 3 1 1 0 . 0 5 7 4 1 . 9 6 5 3 0 . 6 6 9 9
56 PAIRPCRT,  OHIO 2 * * 1 0 . 7 6 2 6 0 . 5 2 2 9 2 0 . 4 5 6 4 - 0 . 9 8 5 8 - 0 . 4 7 3 0
57 ASHTABULA, OHIO 2 2 0 . 9 9 1 5 0 . 5 0 7  E 1 0 . 4 5 1 1 - 0 . 5 9 3 2 0 . 4 1 6 3
53 CCNNEAUT, OHIO 1 * « 2 0 . 5 7 5 6 0 . 4 9 2 C 1 0 . 3 7 1 1 0 . 0 3 5 4 1 . 1 5 9 2
59 ERI E,  PA. 3 0 . 9 6 9 6 0 . 3 2 9 9 1 0 . 0 9 5 9 1 . 6 8 3 8 0 . 2 4 9 1
60 BUFPALO, N . I . 1 * * 3 0 . 9 6 1 6 0 . 8 0 9 0 1 0 .  1 06 6 1 . 6 1 7 6 0 . 2 8 9 3
61 PORT CLINTON,  OHIO 1 0 . 5 9 3 9 0 . 4 7 0 7 2 0 . 3 0 5 1 0 . 2 6 6 2 - 0 . 3 2 7 6
62 ROCHESTER,  N . I . 1 ** 2 0 . 1 2 1 3 0 . 4 6 3 7 1 0 . 2 7 2 7 0 . 5 4 2 1 2 . 0 5 7 9
63 EARCELCNA,  N . Y . 1 0 . 5 4 9 4 0 . 4 5 3 6 2 0 . 2 9 8 5 0 . 3 5 4 4 - 0 . 3 4 8 1
64 HARRISVILLE,  HI . 1 ** 2 0 . 1 9 5 7 0 . 5 2 9 1 1 0 . 4 6 9 4 - 2 . 2 4 3 4 - 0 . 2 4 3 0
65 KEHEENAV WATERWAY, H I . 1 0 . 6 4 8 4 0 . 5 2 0 4 2 0 . 4 6 6 4 - 1 . 2 0 7 3 - 0 . 4 8 5 0
66 EADGELEY, I S L . ,  ONT. I 0 . 3 2 9 7 0 . 5 3 4 3 2 0 . 4 1 9 9 - 0 . 5 9 4 6 - 0 . 6 1 8 5
67 B RI TT,  ONT. 1 ** 2 0 . 3 7 6 3 0 . 5 2 6 7 1 0 . 4 1 9 4 - 0 . 4 2 0 9 0 . 3 0 6 9
68 CARDINAL, ONT. 1 ** 2 0 . 7 9 7 9 0 . 5 6 4 8 1 0 . 4 0 9 5 - 0 . 7 9 2 2 0 . 9 2 1 3
69 COLLINGBOOD, CNT. 1 0 . 3 1 6 8 0 . 5 3 4 4 2 0 . 4 2 7 5 - 0 . 6 3 9 5 - 0 . b 0 4 i
70 CORNWALL, ONT. 3 * * 1 0 . 6 1 3  1 0 . 5 1 6 2 2 0 . 4 7 2 7 - 1 . 2 3 7 1 - 0 . 455<
71 CCURTRRIGHT, ONT. 1 ** 2 0 . 4 4 1 8 0 . 5 4 7 4 1 0 . 3 5  7 5 - 0 . 0 8 6 7 1 . 5 0 4 0
72 CUTLER, ONT. 1 • • 2 0 . 3 4 3 5 0 . 5 5 2 7 1 0 . 4 1 4 9 - 0 . 6 7 9 7 0 . 8 6 7 1
73 GODERICH, ONT. 1 • 1 0 . 9 0 4 9 0 . 5 0 6 2 2 0 . 4 6 3 4 - 0 . 7 3 2 1 - 0 . 2 5 4 1
74 HAHILTCN, ONT. 3 0 . 1 4 6 7 0 . 9 8 2 1 1 0 . 0 0 9 0 2 . 9 1 9 5 1 . 4 7 4 3
75 KINGSTON, ONT. 1 0 . 6 6 0 7 0 . 5 1 9 8 2 0 . 4 6 6 6 - 1 . 1 9 0 1 - 0 . 4 7 3 9
76 KINGSVILLE,  CNT. 1 0 . 9 1 9 2 O . S 2 9 e 2 0 . 3 9 3 5 - 0 . 3 3 2 1 - 0 . 6 7 4 7
77 LAKEVIE8,  ONT. 1 *» 2 0 . 6 7 5 3 0 . 5 5 5 7 1 0 . 3 8 9 2 - 0 . 3 9 3 5 1 . 1 7 9 4
78 LITTLE CURRENT, ONT. 1 ** 2 0 . 3 4 4 0 0 . 4 9 3  1 1 0 . 4 1 4 4 - 0 . 1 5 4 1 0 . 7 5 1 5
79 HARATBCN, ONT. 3 * * 2 0 . 3 1 2 0 0 . 4 7 9 4 1 0 . 4 0 9 3 - O . O S b l 0 . 7 4 5 5
80 HELDRDH BAY, 0J1T. 1 0 . 8 0 2 3 0 . 5 0 8 6 2 0 . 3 7 0 2 - 0 . 0 8 4 7 - 0 . 6 3 4 3
31 HIDLAND, ONT. 2 ** 1 0 . 7 2 3 8 0 . 5 2 6 8 2 0 . 4 5 4 2 - 1 . 0 3 0 9 - 0 . 5 2 6 )
82 HCRRISBDRG, CNT. 2 0 . 8 4 2 5 0 . 5 5 2 e 1 0 . 4 1 4 5 - 0 . 6 7 7 0 0 . 3 6 9 9
83 NANTICCKE, ONT. 1 ** 2 0 . 7 1 5 8 0 . 4 8 9 2 1 0 . 3 9 2 9 - 0 . 0 1 1 6 0 . 9 3 9 J
94 OAKVILLE, ONT. 1 ** 3 0 . 6 3 6 5 0 . 4 4 8 7 1 0 . 2 9 0 3 0 . 9 3 4 1 0 . 5 4 9 7
8 5 OSHAVA, ONT. 2 0 . 1 3 8 9 0 . 5 9 8 2 1 0 . 3 0 6 3 - 0 . 0 2 7 3 2 . 2 2 7 3
86 PELEE I S L . ,  CNT. 1 0 . 7 9 7 7 0 . 5 2 7 9 2 0 . 3 8 4 4 - 0 . 2 6 2 5 - 0 . 7 0 4 2
97 PICTCN,  ONT. 1 * • 2 0 . 7 9 8 2 0 . 5 4 5 2 1 0 . 4 0 6 0 - 0 . 4 6 9 1 0 . 9 7 2 3
88 PCRT COVER, ONT. 1 0 . 5 5 0 9 0 . 4 5 4 3 2 0 . 2 9 9 0 0 . 3 5 2 1 - 0 . 3 4 6 9
89 POBT STANLEY, CNT. 3 * * 1 0 . 8 1 6 2 0 . 5 3 1 6 2 0 . 4 3 5 3 - 0 . 7 5 5 4 - 0 . 5 6 4 3
90 SARNIA,  ONT. 1 *» 3 0 . 0 7 6 0 0 . 4 9 7  C 1 0 . 3 6 3 9 0 . 9 2 6 4 - 2 .  H 6 3
91 SCHBRA, ONT. 1 ** 2 0 . 9 6 7 3 0 . 5 1 5 5 1 0 . 4 1 7 2 - 0 . 3 2 0 4 0 . 7 9 6 0
92 THOROLD, CNT. 1 ** 3 0 . 4 5 8 4 0 . 5 3 0 4 1 0 . 3 0 2 6 0 . 9 2 1 5 - 1 . 0 2 7 b
93 ST.  CATHARINES,  CNT. 1 * * 2 0 . 3 3 2 7 0 . 5 5 3 3 1 0 . 4 1 2 6 - 0 . 6 5 3 4 0 . 3 9 5 6
94 TORONTO, CNT. 3 0 . 0 2 9 7 0 . 9 9 7  C 1 0 . 0 0 2 3 3 . 6 3 7 9 - 1 . 6 4 6 c
95 WINDSOR, ONT. 3 0 . 0 5 0 4 0 . 9 9 6 5 1 0 . 0 0 2 6 3 . 6  147 - 1 . 3 9 8 4
** DENOTE H I SCLA SS IF IED CASES
NOTE: THE ABOVE RESULTS HAT NOT CORRESPOND TO THE GFOOP SCATTERPLOTS 
DUE TO OVERPRINTING OP CASES
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Table 39: Crossvalidation Group 1984:Groups and Discriminant Scores
SEQNUH GBOUP GROUP P (D/G) P (G/D) GBCUP P (G/D) SCCiES.
1 LUCINGTOH, i l l . 1 ** 3 0 . 0 3 7 3 0 . 5 3 2 9 1 0 . 9 6 5 8 1 . 9 3 6 3 - 1 . 5 1 5 3
2 MUSKEGON. MI. 1 1 0 . S 0 6 7 0 . 9 9 9 2 2 0 .  155 8 - 1 . 6 3 8 7 - 0 . 3 8 9 2
3 HANITOHAC, H I S . 1 1 0 . 9 8 9 C 0 . 9 8 0 1 2 0 . 0 1 9 9 - 0 . 5 6 2 9 - 1 . 0 9 2 3
9 GREEN EAT, H I S . 3 3 0 . 3 2 3 9 1 . 0 0 0 0 2 0 . 0 0 0 0 3 . 9 9 9 0 1 . 7 2 3 2
5 SAGINAH-EAI C IT T,  HI . 3 3 0 . 0 5 9 7 0 . 9 9 6 9 1 0 . 0 0 3 6 3 .  3 36 7 - 2 .  1355
6 S T.  CLAIB,  MI. 1 1 0 . 9 8 5 5 0 . 8 9 9 6 2 0 .  1559 - 1 . 6 3 3 1 - 0 . 3 9 5 9
7 ■ HCNBOE ,  H I . 1 1 0 . 8 6 2 8 0 . 9 9  2 8 2 0 . 0 5 7 2 - 1 .  1205 - 0 . 7 9 6 2
9 OGDENSEUBG, N . I . 2 0 . 2 6 1 8 0 . 9 9 6 3 1 0 . 0 0 3 2 0 . 3 3 9 5 2 .  692*
9 CHEBOIGAN, MI. 1 1 0 . 8 5 2 0 0 . 9 9 0 3 2 0 . 0 0 9 6 - 0 .  1908 - 1 . 3 2 5 0
10 GLADSTONE, H I . 1 1 0 . 9 8 9 0 0 . 9 8 0 1 2 0 . 0 1 9 8 - Q . 5 o J 9 - 1 . 0 9 2 7
11 MACKINAC CITY,  MI . 1 1 0 . 6 0 5 0 0 . 9 9 9 9 2 0 . 0 0 9 6 0 . 1 3 2 3 - 1 . 5 5 7 7
12 MENOMINEE, MI. 1 1 0 . 8 6 2 3 0 . 9 9  2 8 2 0 . 0 5 7 2 - 1 .  1205 - 0 .  9
13 THO EIVEBS,  HIS . 1 1 0 . 6 0 5 0 0 . 9 9 9 9 2 0 . 0 0 9 6 0 .  1823 - 1 . 5 5 7 '
19 FCBT DOLOMITE, H I . 2 0 . 7 5 9 0 0 . 9 8 2 5 1 0 . 0 1 7 5 - i . 6 y o i 1 . 7 7 7 3
IS HOBCN, OHIO 1 1 0 . 9 9 7 7 0 . 7 7 7 2 2 0 . 2 2 2 8 - 1 . 6 5 9 8 - 0 . 2 2 3 7
16 OSHEGC, N . I . 2 0 . 1 7 2 3 0 . 9 9 9 8 1 0 . 0 0 0 2 - 0 . 7 7 8 2 3 . 5 9 9 2
17 AHHEBSTBUBG, ONT. 1 1 0 . 8 5 2 0 0 . 9 9 0 3 2 0 . 0 0 9 6 - 0 .  1909 -  1 . 3 2 5 0
18 EATH, ONT. 2 2 0 . 0 8 6 9 0 . 5 3 7 2 1 0 . 9 6 2 8 - 2 . 5 9 0 9 0 .  1899
19 CIABKSCN, ON I . 2 2 0 . 8 1 8 0 0 . 9 1 1 2 1 0 . 0 8 8 8 - 0 . 9 5 1 7 1 . 2 8 8 9
20 CCLBOINE, ONT. 2 2 0 . 5 3 7 7 0 . 7 9 9 5 1 0 . 2 5 0 1 - 0 . 2 0 3 9 0 . 8 5 2 0
21 MICHIPICOTS N, CNT. 2 2 0 . 6 8 1 7 0 . 8 5 1 9 1 0 .  1 98 0 - 0 . 3 0 5 5 1 . 0 9 7 3
22 OHEI SOUND, CRT. 1 1 0 . 9 9 0 8 0 . 9 7 1 9 2 0 . 0 2 8 6 - 0 . 7 5 3 5 - 0 . 9 7 9 7
23 PARS I  SOUND, CRT. 1 1 0 . 9 9 0 9 0 . 9 7 1 9 2 0 . 0 2 3 6 - 0 . 7 5 J 5 - 0 . 9 7 9 7
29 POET CCLBCHNE, ONT. 1 1 0 . 9 6 2 5 0 . 9 6 6 8 2 0 . 0 3 3 1 - 0 . 3 5 e 7 - 0 . 3 6 6 2
25 POST HCNICOLL, ONT. 1 ' 1 0 . 9 8 9 0 0 . 9 8 0  1 2 0 . 0 1 9 8 - 0 .  So 39 - 1 . 0 9 2 7
26 PBESCCTT, ONT. 1 1 0 . 9 9 1 6 0 . 3 3 0 0 2 0 .  1 70 0 - 1 . 6 o 7 5 - 0 . 3 5 3 2
27 SEHPBNT BIVEE,  ONT. 2 2 0 . 9 6 7 9 0 . 9 7 7 8 1 0 . 0 2 2 2 - 1 . 1 9 7 8 1 . 7 9  75
29 SFEAGGE, ONT. 3 3 0 . 0 9 0 0 0 . 5 9 6 8 1 0 . 3 7 9 6 1 . 6 6 8 3 - 0 . 3 0 2 0
29 THUNDER BAT, CNT. 3 3 0 . 0 1 7 5 1 . 0 0 0 0 2 0 . 0 0 0 0 9 . 7 3 9 8 2 . 9 2 0 2
30 BCHNANTILL2,  CNT. 2 2 0 . 7 3 6 9 0 . 9 8 8  1 1 0 . 0 1  19 - 1 . 6 9 3 7 1 . 9 2 9 3
31 SAOLT STE HABIE,  ONT. 3 3 0 . 1 2 5 7 1 . 0 0 0 0 1 0 . 0 0 0 0 5 - o a e o - 1 . 0 7 0 3
** d e n o t e  n i s c l a s s i f i e d  c a s e s
NOTE: THE ABOVE RESULTS SAT NCT COBHESPOHO TO THE GSOUP SCATTEEPLOTS 
DOE TO OVEBPBINTING OF CASES
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D e p a r t m e n t  o f  t h e  Army C o r p s  o f  E n g i n e e r s ,  ( 1 9 8 4 )  
W a t e r b o r n e  C o m m e r c e  o f  t h e  U n i t e d  S t a t e s .  P a r t  3 .  
W a t e r w a y s  a n d  H a r b o r s  G r e a t  l a k e s .  Mew O r l e a n s :  
B a t e r l o r n e  C o m m e r c e  C e n t e r
D o m i n i o n  B u r e a u  o f  s t a t i s t i c s ,  T r a n s p o r t a t i o n  a n d  
P u b l i c  U t i l i t i e s  S e c t i o n ,  ( 1 9 6 4 )  S h i p p i n g B e p o r t ,  P a r t
I I .  I n t e r n a t i o n a l  S e a b o r n e S h i p p i n g -  O t t a w a :  M i n i s t e r  
o f  T r a d e  a n d  C o m m e r c e
D o m i n i o n  B u r e a u  o f  S t a t i s t i c s ,  T r a n s p o r t a t i o n  a n d  
P u b l i c  U t i l i t i e s  D i v i s i o n ,  ( 1 9 6 4 )  S h i p p i n g  R e p o r t , P a r t
I I I ,  C o a s t w i s e  S h i p p i n g .  O t t a w a :  M i n i s t e r  o f  T r a d e  a n d  
C o m m e r c e
D o m i n i o n  B u r e a u  o f  S t a t i s t i c s ,  T r a n s p o r t a t i o n  a n d  
P u b l i c  U t i l i t i e s  s e c t i o n ,  ( 1 9 6 6 )  S h i p p i n g  B e p o r t .  P a r t
I I .  I n t e r n a t i o n a l  S e a b o r n e S h i p p i n g -  O t t a w a :  M i n i s t e r  
o f  T r a d e  a n d  C o m m e r c e
D o m i n i o n  B u r e a u  o f  S t a t i s t i c s ,  T r a n s p o r t a t i o n  a n d  
P u b l i c  U t i l i t i e s  D i v i s i o n ,  ( 1 9 6 6 )  S h i p p i n g  R e p o r t , P a r t
I I I ,  C o a s t w i s e  S h i p p i n g .  O t t a w a :  M i n i s t e r  o f  T r a d e  a n d  
C o m m e r c e
T h e  G r e a t  L a k e s / S e a w a y ;  S e t t i n g  a  C o u r s e  f o r  t h e  
2 8 0 s .  ( J a n u a r y  1 9 8 1 )  A B e p o r t  o f  t h e  P r o v i n c i a l  G r e a t  
L a k e s / S e a w a y  T a s k  F o r c e ,  B - S -  M i s e n e r ,  C h a i r m a c -  
T o r c n t o :  M i n i s t r y  o f  T r a n s p o r t a t i o n  a n d  C o m m u n i c a t i o n s -  
M o i r ,  S u s a n ,  (May 1 9 8 6 )  C a n  B o a t  C o m p e t e  w i t h B a i l  
a n d  T r u c k  T r a f f i c  ? A B r i e f  A n a l y s i s  o f  O n t a r i c
-  9 6  -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7 4 .
7 5 .
7 6 .
7 7 .
7 8 .
7 9 .
8 0 .  
8 1 .
8 2 .
T r a f f i c  a n d  S e a w a y  S y s t e m .  F r e i g h t  S t u d i e s  D i r e c t o r a t e ,  
R e s e a r c h  B r a n c h ,  C a n a d i a n  T r a n s p o r t  C o m m i s s i o n ,  C t t a v a -  
P e a t  M a r w i c k  a n d  P a r t n e r s ,  S t e v e n s o n  H l u c h a n  
A s s o c i a t e s  L t d .  a n d  D i l l c n  C o n s u l t i n g  E n g i n e e r s  a n d  
E l a n n e r s ,  ( J u l y  1 9 84 )  C n t a r i o  P o r t s  S t u d y - E x e c u t i v e  
Summa r y .  P r e p a r e d  f o r  T r a n s p o r t  C a n a d a ,  O n t a r i o  
E i n i s t r y  o f  T r a n s p o r t a t i o n  a n d  C o m m u n i c a t i o n s
S t a t i s t i c s  C a n a d a ,  T r a n s p o r t a t i o n  D i v i s i o n  S u r f a c e  
a n d  K a r i n e  S e c t i o n ,  ( 1 9 8 4 )  Co a s t w i s e  S h i p p i n g  
S t a t i s t i c s .  O t t a w a :  M i n i s t e r  o f  S u p p l y  a n d  S e r v i c e s  
S t a t i s t i c s  C a n a d a ,  T r a n s p o r t a t i o n  D i v i s i o n  S u r f a c e  
a n d  K a r i n e  S e c t i o n ,  ( 1 9 8 4 )  I n t e r n a t i o n a l  S e a b o r n e  
S h i p p i n g  P o r t  s t a t i s t i c s .  O t t a w a :  M i n i s t e r  o f  S u p p l y  
a n d  S e r v i c e s
S t .  L a w r e n c e  s e a w a y  A u t h o r i t y A n n u a l  Re p o r t  1 S 6 6 .
S t .  L a w r e n c e  S e a w a y  A u t h o r i t y  A n n u a l  R e p o r t  1 9 9 4 - 8 5 .  
S t  L a w r e n c e  S e a w a y  Au t h c r i t y .  ( K a r c h  1 9 8 5 )  " W e l l a n d  
C a n a l  S e c t i o n  o f  t h e  S t .  L a w r e n c e  S e a w a y . "
S t .  L a w r e n c e  S e a w a y  A u t h o r i t y .  (May 1 9 8 5 )  " M o n t r e a l  
- L a k e  O n t a r i o  S e c t i o n  c f  t h e  S e a w a y , "
U n i t e d  S t a t e s  D e p a r t m e n t  o f  C o m m e r c e  a n d  t h e  R a t i o n a l  
C c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n ,  ( A p r i l  1977)  
U n i t e d S t a t e s  G r e a t  L a k e s  P i l o t .  W a s h i n g t o n  D . C .
U n i t e d  S t a t e s  D e p a r t m e n t  c f  C o m m e r c e  a n d  t h e  R a t i o n a l  
C c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n ,  ( 1 9 8 4 )  U n i t e d 
HfcjLte s _  C o a s t  p i l o t  6 .  W a s h i n g t o n  D . C .
-  9 7  -
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9 3 .  U n i t e d  S t a t e s  D e p a r t m e n t  c f  C o m m e r c e , {1984)  V e s s e l  
E n t r a n c e s  a nd C l e a r a n c e s .  A n n u a l  B e p o r t -  W a s h i n c t o n : 
E u r e a u  o f  t h e  C e n s u s
I n t e r v i e w s
8 4 .  B r o h l ,  H e l e n .  S t .  L a w r e n c e  S e a w a y  D e v e l o p m e n t
C o r p o r a t i o n ,  W a s h i n g t o n  D . C . ,  I n t e r v i e w ,  24  O c t c f c e r  
1986
8 5 .  L e w i s ,  G l e n n .  E x e c u t i v e  D i r e c t o r  o f  T r a d e  a n d
D e v e l o p m e n t ,  D e t r o i t - W i n d s o r  P o r t  C o r p o r a t i o n ,  W i n d s o r ,  
O n t a r i o .  I n t e r v i e w ,  22  O c t o b e r  1986
8 6 .  M e e d e r ,  C u r t i s .  B e g i o n a l  E c o n o m i s t ,  U . S .  Army C o r p s  
o f  E n g i n e e r s ,  D e t r o i t  D i s t r i c t ,  D e t r o i t ,  M i c h i g a n .  
I n t e r v i e w ,  8 O c t o b e r  1 98 6
-  9 8  -
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VITA AUCTOBIS
T h e  a u t h o r  w a s  b o r n  o n  J u n e  2 6 ,  1 9 6 1 ,  i n  N j k o b i n g ,
F a l s t e r ,  D e n m a r k .  H i s  p a r e n t s  i m m i g r a t e d  t c  C a n a d a  i n  1 9 6 2  
f i r s t  r e s i d i n g  i n  L e a m i n g t o n ,  O n t a r i o .  The  a u t h o r  r e c e i v e d  
h i s  e l e m e n t a r y  e d u c a t i o n  i n  A m h e r s t b u r g  a n d  W i n d s o r ,  
O n t a r i o .  He a t t e n d e d  F . J .  E r e n n a n  H i g h  S c h o o l  i n  W i n d s o r  a n d  
g r a d u a t e d  f r o m  t h e  U n i v e r s i t y  o f  W i n d s o r  i n  1984 H o n o u r s  
B . A .  i n  U r b a n  S t u d i e s  ( P l a n n i n g ) .  As  a  g r a d u a t e  s t u d e n t ,  h e  
s p e n t  h i s  s u m m e r s  e m p l o y e d  by t h e  W i n d s o r  H a r b o u r  C o n m i s s i o n  
g r a d u a t i n g  i n  1 9 8 7  f r o m  t h e  U n i v e r s i t y  o f  W i n d s o r  K a s t e r  o f  
A r t s  i n  G e o g r a p h y .
-  9 9  -
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